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PR E F A G R 
HE very ample introduction, prefixed to the 
following collection of Mathematical Tables, 
has ſuperceded the neceſſity of uſing many words here 
by way of preface, and has left me little more to 
mention than the neceſſity and occaſion of this work, 


with ſome account of the contents and mode of execu- 
tion. | 


The undertaking was occaſioned by the 3 in- 
correctneſs of the 5th, or laſt, edition of Sher win's 
once very uſeful book of tables. Finding, as well 
from the report of others, as from my on experience, 
that that edition (to ſay nothing of the very improper 
alteration in the form of the table of fines, tangents, > 
and ſecants) was ſo very incorrectly printed, the errors 

being multiplied beyond all tolerable bounds, and 
no dependence to be placed on it for any thing of real 
practice, I was led to undertake the painful office of 
preparing a correct edition of another ſimilar work. 
And I was lucky enough to meet with a bookſeller of 
ſufficient ſpirit to be at the great expence of printing 
the book, as well as to allow me what I demanded for 
my trouble in preparing it; which demand however, 
was nothing adequate to the great labour attending it, 
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as I was well aware that the profits of the book would 
not afford him the means of rewarding my pans. 


1 have in the firſt place, therefore, uſed all the means 
in my power to render the work correct. I began by 
collating the zd, or beſt edition of Sherwin's tables, 
with ſome others of the moſt perfe& works of the ſame 
kind, as Briggs's, Vlacq's, Gardiner's quarto book, 
&c : by which means I detected many errors in each of 
them, which had not before been diſcovered ; and of 
theſe between twenty and thirty were in the two edi- 
tions of Gardiner's work, printed at London in 1742, 
and at Avignon in 1770; the errata of which two books 
are here printed at the end of our tables. But, beſides 
detecting many unknown errors in my copy of the ſaid 
zd Edition of Sherwin, which was no more than what 
I expected, I diſcovered, with no ſmall ſurprize, that 
the laſt figures in the table of logarithms were not uni- 
formly true to the neareſt unit, except in a very few 
pages at the beginning and end of the table; al- 
though Mr. Gardiner, the editor of that edition, had 
made the table correct in that reſpect in his own quarto 
work before - mentioned, which was alſo printed in the 
ſame year 1742 with the ſaid third edition of Sherwin! 
The errors from this cauſe amounted to ſeveral thou- 
ſands; and they have continued to run through all the 
editions of Sherwin ever ſince that time ! But I have here 
corrected them. Nor have I employed leſs attention in 
correcting the preſs, than in previouſly correcting 
the copy; every proof having been ſeveral times read 
over, and compared with the beſt of the books before- 
mentioned, 
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But in giving this edition to the world, I was not 
ſatisfied with barely making it correct. I was aware 
that the materials themſelves might be much improved ; 
and I have accordingly enlarged, or otherwiſe greatly 
amended them, in various reſpects. Among the im- 
provements of the old materials, may be reckoned the 
following : namely, in the large table of logarithms, 
the proportional parts, near the beginning, are more 
conveniently arranged, being now all placed in the 
ſame opening of the book where their correſpond- 
ing differences occur: The logarithms to ſixty one 
figures are brought to their proper place in the book, and 
more conveniently diſpoſed all in one page: The large 
table of fines, tangents and ſecants, is more commo- 
diouſly arranged, and rendered more diſtin& and con- 
venient for uſe ; the natural fines, tangents, ſecants and 
verſed fines, being all ſeparated from the others, and 
placed all together on the left-hand pages, and the 
logarithmic ones facing them on the right-hand pages; 
the common differences, in both, ſet between the 
two columns to which each of them anſwers; and the 
verſed fines here introduced into their proper place 
in the ſame pages with the fines, tangents and ſecants. 
Beſides theſe, there are ſome other alterations in the 
new tables here given, and the reader will find a num 
ber of very important improvements in the deſcription 
and uſe of the whole; eſpecially in the arithmetic of 
logarithms, and in the reſolution of plane and ſpherical 
triangles, according to the preſent improved methods 
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of calculation uſed by the Aſtronomer Royal, and other 
perſons the moſt experienced in theſe matters. 


The improvements in the tables, by the introduction 
of new matter, are both great and numerous. The tables 
numbered 2, 3, and 4 are here added, being an entire 
new ſet, with their differences, for finding numbers and 
logarithms to twenty places. The columns of com- 
mon differences, in the pages of natural ſines &c, are 
now firſt introduced: As are alſo the tables of hy- 
perbolic and logiſtic logarithms; the logarithmic fines 
and tangents for every ſecond, in the firſt two degrees of 
the quadrant ; together with a table of the lengths of | 
arcs; a table to change common and hyperbolic loga- 
rithms from the one to the other; &c: the uſes and 
exemplifications of the whole being very amply de- 
tailed: 

But the greateſt alteration of all, is the very exten- 
five and new introduction here given, inſtead of the 
former inadequate and heterogeneous one, conſiſting | 
of about 180 pages of new matter, on a methodical | 
plan, containing the hiſtorical account and deſcription 
of all trigonometrical writings, and the tables relating 
to that ſubject, both natural and logarithmic ; beſides 
the compleat uſe of our own tables. Inventions are | 
here aſcribed to the proper authors, and their methods 
and improvements deſcribed and compared. This 
hiſtorical deſcription will evidently appear to be the 
reſult of immenſe labour and reading. And indeed I 
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have painfully gone over all the books which are here ſo 
minutely deſcribed ; and that deſcription with a detail 
in ſome degree adequate to their great merits ; eſpe- 
cially the works of Napier, Briggs, Kepler, &c; which 
was the more neceſlary, as the writings and methods 
of thoſe great maſters had not been any where properly 
deſcribed and diſcriminated, although they are in them- 
ſelves highly curious and important: 


Theſe readings and commentaries have been carried 
on to an extent far beyond what was at firſt intended: 
But the tables having been in the preſs for the ſpace of 
ſeven or eight years, I had thereby an opportunity of 
collecting and examining a ſtill greater number of 
books; ſo that I was gradually led on, and my views 
and plans rendered ſtill more extenſive and compleat. 
This delay, therefore, though in many reſpects it 
proved very inconvenient and diſagreeable, has at 
length given the occaſion of rendering theſe commen- 
taries more perfect and ſatisfactory. 


Beſides what immediately relates to trigonometrical 
ſubjects, the reader will here find many other curious 
and uncommon articles, relating to the ſeveral authors 
and their diſcoveries, which have occurred in the 
courſe of my reading, and which appeared of too much 
conſequence to be paſſed over unnoticed, in the analyſis 
of their ſeveral compoſitions. Among theſe is the diſco- 
very of the firſt author of the binomial theorem, and the- 
differential method, which are due to Mr. Henry Briggs, 

| whole 
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whoſe writings are replete with ingenious and original 
matter, and are well deſerving to be more generally 
known and ſtudied than they have been for ſome time 


paſt. 


This long tourſe of examination and deſcription, 
however, having been carried on for ſo many years, at 
different intervals, and interrupted by various avoca- 
tions, and by buſineſs of different kinds, it will be no 
wonder if this circumſtance may have occaſioned ſome 


inequalities in the ſtile and compoſition of this hiſtory ; 
and for which therefore, ſhould any ſuch appear, it is 


hoped the occaſion will plead an apolagy. 


ck 

P. S, Since my Hiſtory of Trigonometrical tables, in the following ins 
troduction, was printed, there has been publiſhed, in the Philoſophical 
Tranſactions for the year 1784, a paper of mine concerning a project for 
the trigonometrical tables to be conſtructed on a new plan, namely, in 
which the arc of the quadrant is divided into aliquot parts of the radius, or 
according to the real lengths of the ares. Which conſtruction is now in 
ſome degree of forwardnefs, as myſelf and ſeveral affillants have been 
cloſely engaged in the execution of it ever ſince. | 


Royal Military Academy, | 
ookwich, Feb. 4, 1785. CHARLES HUTTON, 
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A ſhort abſtract of the principal contents, may be as follows: 


1. In the Introduction. 


Page Page 
Hiſtory of trigonametrical tables Halley's — r03 
before the invention of loga- Sharp's — — 1057 
rithms, with the various me- Cotes's Logometria — 10g 
thods of conſtruction 1 Taylor's conſtruftion — 112 
On the word n — 17 Long's methode 11 
Hiſtory of logarithms — 20 N — — 11 
Nature of logarithms — 21 Reid &c — — 118 
Invention of logarithms — 23 Dodſon's Anti- log. canon 119 


Different ſorts of logarithms 


Conſtruction of logarihms — 41 
By Napies — — 41 
Kepler —— — 48 
Briggs —— —— 60 
Briggs's Trigonometria Britan. 73 
Relation between logarithms and 
certain curves — 81 
Gregory's conſtruction — 84 
Mercator's Logarithmo-technia 84 
Gregory's Exercit. Geometrice 94 
Sir I. Newton's methods — 99 


Deſcription and uſe of logarith- 


mic tables 122 
Definition and notation 122 
Properties of logariihms — 124 
Conſtruction o ithms 124 
Deſcription and uſe of our tables 126 
Of our large table —— r26 
Logarithmical arithmetic 131 
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Of the table to 61 places 139 
Of the hyperbolic logarithms 143 
Of the logiſtic logarithms 144 


2, In the Tables themſelves. 


Tab. 

1. Logarithms from 1 to 100000 1 
2. Logarithms &c to 20 places 187 
3. Id. with differences 198 
4. Numbers to logarithms to 20 


places 201 
5. Logarithms to 61 places 20 
6. Id. with differences — 20 
. Hyperbolic logarithms 209 
8. Logiſtic logarithms — 213 


). Sines and tangents to ſeconds 218 


Tab. 
10. Natural and logarithmic 
fines, tangents, ſecants, and 


verſed ſines 248 
11, Traverſe table — 338 
12. Lengths of ares 340 
13. Table to change common 

and hyperbolic logarith 

from one to the other 341 
14. Points of the compaſs 34 
15. Errata in Gardiner's loga- 

rithms | 342 
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Page Numb. Log. 

34 - 23662 - 0515 

34 - 23754 7368 

38 - 25519 - 8637 

38 - 25808 - 7544 

44 - 28566 8342 

$8 In the pro. parts, under the 

dif. 121, for 63 read 61. 

119 Ib. under 65, for 53 read 52. 
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ECESSITY, the fruitful mother of moſt uſeful inventions, gave 
birth to the various numerical tables which compoſe the following 
work. Aſtronomy has been cultivated from the earlieſt ages. The 
progreſs of that ſcience, requiring numerous arithmetical computa- 
tions of the ſides and angles of triangles, both plane and ſpherical, 
gave riſe to trigonometry ; for thoſe frequent calculations ſuggeſted the 
neceſſity of performing them by the property of ſimilar triangles ; and 
for the ready application of this property, it was neceſſary that certain 
lines deſcribed in and about circles, to a determinate radius, ſhould be 
computed, and diſpoſed in tables. e ee and the continually 
improving accuracy of aſtronomy, have alſo occaſioned as perpetual an 
increaſe in the accuracy and extent of thoſe tables. And this it is 
evident muſt ever be the caſe, the improvement of trigonometry uni-. 
formly following the improvement of thoſe'other uſeful ſciences, for 
the ſake of which it_is more eſpecially cultivated. r 
The ancients performed their trigonometry by means of the chords 
of ares, which with the chords of their ſupplemental ares, and the con- 
ſtant diameter, formed all ſpecies of right- angled triangles. Beginning 
with the radius, and the are whoſe chord is equal to the radius, they 
divided them both into 60 equal parts, and eſtimated all other arcs and 
chords by thoſe parts, namely all arcs by 6oths of that arc, and all 
chords by 6oths of its chord or the radius: At leaſt this method is as 
old as the writings of Ptolemy, who uſed the ſexagenaty arithmetic for 
this diviſion of j. eh and arcs, and for aſtronomical purpoſes. And 
this by-the-bye ſhews the reaſon why the whole circumference is di- 
vided into 360, or 6 times 60, equal parts or degrees, the whole circum- 
ference being equal to 6 times the firſt arc whoſe chord is equal to the 
radius: Unleſs perhaps we are to ſeek for the divifion of the circle in 
the number of days in the year; for thus, the ancient yegr conſiſting of 
360 days, the ſun or earth in each day deſcribed the 260th part of the 
orbit; and thence might ariſe the method of dividing every circle into 
300 arts; and, radius being equal to the chord of 60 of thoſe parts, 
e 2 diviſion both of ma, radius and of the parts might thence 


2 HISTORY OF 


_ ariſe. Trigonometry however muſt have been cultivated long before 
the time of Ptolemy; and indeed Theon, in his commentary on 
Ptolemy's Almageſt, 1. 1. ch. 9, mentions a work of the philoſopher 
Hipparchus, written about a century and a half before Chriſt, conſiſt- 
ing of 12 books on the chords of circular arcs; which muſt have been 
a treatiſe on trigonometry, And Menelaus alto, in the firſt century 
of Chriſt, wrote 6 books concerning ſubtenſes or chords of arcs, He 
uſed the word nadir (of an arc), which he defined to be the right line 
ſubtending the double of the arc; ſa that his nadir of an arc, was the 
double of our ſine of the ſame arc; and therefore whatever he proves 
of the former, may be applied to the latter, ſubſtituting the double ſine 
for the nadir. | 

The radius has fince been decimally divided ; but the ſexageſimal 
diviſions of the arc have continued in uſe to this day. Indeed our 
countrymen Briggs and Gellibrand, having a youre diflike to all ſexa- 
8 made an attempt at ſome reformation of this cuſtom, 
by dividing the degrees of the arcs, in their tables, into centeſms or 
hundredth parts, inſtead of minutes or 60th parts. The ſame was alſo 
recommended by Vieta and others; and a decimal divifion of the whole 
quadrant might perhaps ſoon have followed, had it not been for the 
tables of Vlach, which came out a little after, to every 10 ſeconds, 
or 6th part of a minute. But the compleat reformation would be, to 
expreſs all arcs by their real lengths, namely in equal parts of the ra- 
dius decimally divided : of which more in its proper place. _ 

It is not to be doubted that many of the ancients wrote on the ſub- 
ject of trigonometry, as being a neceſlary part of aſtronomy ; although 
few of their labours on that branch have come to our knowledge, and 
ſtill fewer of the writings themſelves have been handed down to us. | 

Me are in poſſeſſion of the 3 books of Menelaus on ſpherical trigo- 
nometry; but the 6 books are loſt which he wrote on chords, being 
probably a treatiſe on the conſtruction of trigonometrical tables, 

- The trigonometry of Menelaus was much improved by Ptolemy 
(Claudius 3 the celebrated philoſopher and mathematician. 
He was born at Peluſium, taught aſtronomy at Alexandria in Egypt, 
and died in the year of Chriſt 147, being the 78th year of his age. In 
the firſt book of his Almageſt, Ptolemy delivers a table of arcs and 
chords, with the method 'of conſtruction. This table contains 

columns: in the iſt are the arcs to every half degree or 30 minutes; 
in the 2d are their chords, expreſſed in degrees, minutes and ſeconds, 
of which degrees the radius contains 60; and in the 3d column are 
the differences of the chords anſwering to 1 minute of the arcs, or the 
30th part of the differences between the chords in the 2d column, In 
the conſtruction of this table, among others, Ptolemy ſhews, for the 
firſt time that we know of, this property of any quadrilateral inſeribed 
in a circle, namely that the rectangle under the two diagonals, is equal 
to the ſum of the two rectangles under the oppoſite fides. | 

This method of computation, by the chords, continued in uſe till, 
about the middle centuries after Chriſt; when it was changed for that 
of the fines, which were about that time introduced into trigonometry 
by the Arabians, who in other reſpects much improved this ue fn 
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which they received from the Greeks, introducing, among other things, 
the three or four theorems, or axioms, which we uſe at preſent as the 
foundation of our modern trigonometry. Sd Tu ES 
The other great improvements that U been made in this branch, 
are due to the Europeans. Theſe improvements they have gradually 
introduced fince they received this ſcience from the 41 And 
although theſe latter people had long uſed the Indian or decimal ſcale 
of arithmetic, it does not appear that they varied from the Greek or 
4594 bl diviſion of the radius, by which the chords and fines were 
expreſſed. — 
This alteration is ſaid to have been firſt made by George Purbach, 
who was ſo called from his being a native of a place of that name be- 
tween Auftria and Bavaria. He was born in 1423, ſtudied mathe- 
matics and aſtronomy at the univerſity of Vienna, where he was after- 
wards profeſſor of thoſe ſciences, though but for a ſhort time, the 
learned world quickly ſuffering a great loſs by his immature death, 
which happened in 1462, at the age of 39 years only. Purbach, be- 
ſides enriching trigonometry and aftronomy with ſeveral new tables, 
theorems, and obſervations, ſuppoſed the radius to be divided intoboooop 
equal parts, and computed the fines of the arcs, for every 10 minutes, 
in ſuch equal parts of the radius, by the decimal notation. 
This project of Purbach was compleated by his diſciple, companion, 
and ſucceſſor John Muller, or Regiomontanus, who was ſo called from 
the place of his nitivity, the Jittle tower of Mons Regius, or Koning- 
berg in Franconia, where he was born in the year 1436. Regiomon- 
tanus not only extended the ſines to every minute, the radius being 
600000, as Keen by Purbach, but afterwards, diſliking that ſcheme, 
as i impecfect, he computed them likewiſe, to. the radius 
1000000, for every minute of the quadrant, He alſo introduced. the 
tangents into trigonometry, the canon of which he called /reundus 
becauſe of the many and great advantages ariſing from them. Beſides 
theſe he enriched trigonometry with many theorems and precepts, 
Through the benefit of all theſe improvements, except for the uſe of 
logarithms, the trigonometry of Regiomontanus is hut little inferior 
to that of our own time, "His treatiſe? on, both plane and ſpherical 
 trigdnometry, is in 5 books; it was written about the * 1464, 
and printed in folio at Nuremburg in 1533. And in the th book are 
variqus problems concerning rectilineat triangles, ſome, of which are 
refolyed by means of algebra: a proof that this ſcience was not wholly 
unknown in Europe before the treatiſe of Lucas de Burgo. Regio- 
montanus died in 1476 at the age of 40 years only, being then at 
Rome, whither he had been invited by the Pope, to aſſiſt in t he reſor 
mation of the calendar, and was ſuſpected to have been poiſoned the 
by the ſons of George Trebizonde, in revenge for the dęath of their 
father, which was ſaid to have been cauſed by the grief he felt on acy 
count of the criticiſms made by Regiomontanus on his tranſlation of 
Ptolemy's Almageſt. Fs OO a rods 
Soon after this, ſeveral other mathematicians, contributed ta the imy 
provement of trigonometry, by extending and enlarging the tables, 
though few of their Works Ware bern pte and pal * 
| B 2 erner 
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Werner of Nuremburg, who was born in 1468 and died in 1528, and 
who is ſaid to have written five books on triangles. 

About the year 1500, Nicholas Copernicus, the famous modern re- 
ſtorer of the true ſolar ſyſtem, wrote a brief treatiſe on trigonometry 
both plane and ſpherical, with the deſcription and conſtruction of the 
canon of chords, or their halves, nearly in the manner of Ptolemy ; ta 
which is ſubjoined a canon of ſines, with their differences, for eve 


10 minutes of the quadrant, to the radius 100000. This tract is in- 


ſerted in the firſt book of his Revolutiones Orbium Cwle/tium, firſt printed 
in folio at Nuremburg 1543. It is remarkable that he does not call theſe 
lines. /ines, but ſemiſſes ſubtenſarum, namely of the double arcs, —Coper- 
nicus was born at Thorn in 1473, and died in 1543. 

In 1553 was publiſhed the Canon Fœcundus, or table of tangents, of 
Eraſmus Reinhold, profeſipr of mathematics in the academy of Wur- 
temburg, He was born at Salfieldt in Upper Saxony, in the year 
1511, and died in 1553. : 
To Franciſcus Maurolycus, abbot of Meſſina in Sicily, we owe the 
introduQtign of the Tabula Benefica, or canon of ſecants, which came 
out about the ſame time, or a little before. But Lanſbergius errone- 
ouſly aſcribes this to Rheticus. And the tangents and ſecants arg 
both aſcribed to Reinhold, by Briggs, in his Mathematica ab antiquis 
minus cognita, (pa. 30. Appendix to Ward's lives of the profeſſors of 

Francis Vieta was born in 1540 at Fontenai, or Fontenai-le-Comte, 
in Lower Poitou, a province of France, He was maſter of requeſts at 
Paris, where he died in 1603, being the 63d year of his age. Among 
other branches of learning in which he excelled, he was one of the 
moſt reſpectable mathematicians of the 16th century, or indeed of any 
age. His writings abound with marks of great originality, and the 
fineſt genius, as well as intenſe application. Among them are ſeve- 


. ral pieces relating to Oey, which may be. found in the collec- 


tion of his works publiſhed at Leyden in 1646, by Francis Schooten, 
| beſides another large and ſeparate volume in folio, publiſhed in the 
author's life time at Paris in 1579, containing trigonometrical tables 
with their conſtruction and uſe ; very elegantly printed, by the king's 
mathematical printer, with beautiful types and rules, the differences 
of the fines, tangents and ſecants, and ſome other parts, being printed 
with red ink, for the better diſtinction; but inaccurately executed, as 
he himſelf teſtifies in pa. 323 of his other works above-mentioned, 
The firſt part of this curious volume is intituled Canon Mathematicus 
eu ad Triangula, cum Appendicibus, and contains a great variety of 
tables uſeful in trigonometry. The firſt of theſe is what he more pe- 
culiarly calls Canon Mathematicus, ſeu, ad Triangula, which contains 


all the fines, tangents, and ſecants for every minute of the quadrant, 


to the radius 100,000, with all their differences ; and towards the end 
of the quadrant the tangents and ſecants are extended to 8 or g places 

of figures, They are arranged like our tables at preſent, increaſing on 
the left-hand fide to 45 degrees, and then returhing upwards by the 
Tight-hand ſide to go degrees ; ſo that each number and its complement 
Rand together an the ſame line, But here the canon of what we now call 


tangents | 
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tangents is denominated fecundus, and that of the ſecants fwcundi 

mus. For the general idea prevailing in the form of theſe tables, is, 
not that the lines repreſented by the numbers are thoſe which are 
drawn in and about a circle, as fines, tangents and ſecants, but the 
three ſides of right-angled triangles; this being the way in which thoſe 
lines had always been conſidered, and which {till continued for fame 
time longer. And therefore he conſiders the canon as a ſeries of plane 
right-angled triangles, one ſide being conſtantly 100,000 ; or rather 
as three feries of ſuch triangles, for he makes a diſtin& ſeries for each 
of the three varieties, namely, according as the hypotenuſe or the baſe. 
or the perpendicular is repreſented by the conſtant number 100,000, 
which is ſimilar to the radius, Making each ſide conſtantly 100,000, 
the other two ſides are computed to every magnitude of the acute angle” 
at the baſe, from 1 minute up to go degrees or the whole quadrant, 
Each of the three ſeries therefore conſiſts of two parts, as repreſenting 
the two variable ſides of the triangle. When the hypotenuſe is made the. 
conſtant number 100,000, the two variable ſides of the triangle are the 
perpendicular and baſe, or our fine and coſine; when the baſe is $00,000, 
the perpendicular and hypotenuſe are the variable parts, forming the 
canon fœcundus & fecundiſſimus, ar our tangent and ſecant ; and when 
the perpendicular is made the conſtant 190,000, the ſeries contains the 
variable baſe and hypotenuſe, or alſo canon fecundus & faercundiſſimus, 
or our cotangent and coſecant. Of courſe therefore the table conſiſts 
of 6 columns, 2 for each of the 3 ſeries, beſides the two columns on 
the right and left for minutes, from © to 60 in each degree, 

The ſecond of theſe tables is ſimilar to the firſt, but all in rational 
numbers, conſiſting, like it, of 3 ſeries of 2 columns each, the radius, 
or conſtant fide of the triangle, in each ſeries, being 100,000, as be- 
fore, and the other two ſides accurately expreſſed in integers and rational 
vulgar fractions. So that we have here the canon of accurate fines, 
tangents and ſecants, or a ſeries of about 4300 rational right-angled 
triangles. But then the ſeveral carreſponding arcs of the quadrant, 
or angles of thoſe triangles, are not expreſſed, Inſtead of them are 
inſerted, in the firſt column next the margin, aeries of numbers de- 
creaſing from the beginning to the end of the quadrant, which are 
called numeri primi baſeos, It is from theſe numbers that Vieta con- 
ſlructs the ſides of the 3 ſeries of right-angled triangles, one fide in each 
ſeries _ the conſtant number 100,000, as before. The theorems by 
which theſe ſeries of rational triangles are computed from the numer; 
primi baſeos, or marginal numbers, are inſerted all in one page at the 
end of this 2d table, and in the modern notation they may be briefly 
expreſſed thus. Let p be the primary or marginal number on any line, 
and er the conſtant radius or number 100,000 ; then if * denote the 
hypotenuſe. of the right-angled triangle, the perpendicular and baſe, 
or the ſine and coſine, will be reſpectively ' 


AL _2 ; —I, 
| . (which laſt ve may reduce tot); | 


When r denotes the baſe of the right · angled triangle, the perpendicular 
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and hypotenuſe, or the tangent and ſecant, are expreſſed by 


r „ 1) OP BERI K 
=; and 7 + 7 (which laſt we may reduce to 5 —1 795 
and when denotes the perpendicular of the right - angled triangle, the 
baſe and hypotenuſe, or the cotangent and coſecant, are then expreſſed by 


{pr — (or E g) and {pr +5 (or Eh. 


So that Vieta's general values will be as we have here collected them 
together in the following N immediately under the words ſine, 
coline, &c; and juſt below Vieta's forms I have here placed the others 
to which they reduce and are equivalent, which are more contracted, 
but not ſo well adapted to the expeditious computation as V ieta's forms. 


PEIS EEE PS IE BY 


| Sine - | Coſine | Tangent | Secant | Cotangent | Coſecant | 
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All theſe expreſſions it is evident are rational; and by — p of 
different yalues, from the firſt theorems Vieta computed the correſpond- 
ing ſides of the triangles, and fo expreſſed them all in integers and ra- 
tional fractions, 

To the foregoing principal tables are fabjoined ſeveral other ſmaller 
tables, or ſhort ſpecimens of large ones: as, a table of the fines, tan- 
gents and ſecants for every ſingle degree of the quadrant, with the 
correſponding * 24 of the ares, the radius being 100, ooo, ooo; ano- 
ther table of the fines, tangents and ſecants, for each degree alſo, ex- 
preſſed in ſexageſimal parts of the radius as far as the 3d order of parts; 
alſo two other tables for the multiplication and reduction of 
quantities, | 

The ſecond part of this volume is intituled Univer falium Inſpectio- 
num ad Canonem Mathematicum Liber fingularis. It contains the con- 
ſtruction of the tables, a compendious treatife on plane and fphericat 
trigonometry, with the application of them to a great variety of curious 
ſubjects in geometry and menſuration, treated in a very learned man- 
ner; as alſo many curious obſervations concerning the quadrature of 
the circle, the duplication of the cube, &c. Computations are here 
given of the ratio of the diameter of a circle to the circumference, and 
of the length of the ſine of 1 minute, both to many places of figures; by 
which he found that the fine of 1 minute is between 2,908, 881,959 

| ; © alnd 2,908,882,056; alſa 
that, the diameter of a circle being 1000 &c, the perimeter of the in- 
ſcribed and circumſcribed polygon of 393216 fides, will be as we 
| m. 


fi 
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perim. of the inſcrib. polygon. 314,159,265,35 

perim. of the circum. polygon 314,159,265, 37 | 
and that therefore the circumference of the circle lies between thoſe - 
two numbers. | 

Although no author's name appears to the volume I have been de- 
ſcribing, there can be no doubt of its being the performance of Vieta-; 
for, beſides bearing evident marks of his maſterly hand, it is mentioned 
by himſelf in ſeveral parts of his other works collected. by Schooten, 
and in the preface to thoſe works by Elzevir the printer of them; as 
alſo in M. Montucla's Hiflaire des Mathematigues, which are the only 
notices I have ever ſeen or heard of concerning this book, the copies 
of which are ſo rare, that I never ſaw one beſides that which is in my 
own poſſeſſion, nor ever met with any other perſon at all acquainted: 
with ſuch a book. - 

In the other works of Vieta, publiſhed at Leyden in 1646 by Schooten, 
as mentioned above, there are ſeveral other pieces relating to trigono- 
metry, ſome of which, on account of their originality and importance, 
are very deſerving of particular notice in this place. And firſt, the 
very excellent theorems, here fitſt of all given by our author, relating 
to angular ſections, the geometrical demonſtrations of -which are ſup- 
plied by that ingenious geometrician Alexander Anderſon, a native of 
Aberdeen. We find here theorems for the chords (and conſequently. 
ſines) of the ſums and differences of arcs; and for the chords of ares 
that are in arithmetical progreſſion, namely, that the firſt or leaſt chord 
is to the 2d, as any one after the firſt is to the ſum of the two next leſs 
and greater, for example as the ad to the ſum of the iſt and 2d, and as 
the zd to the ſum of the 2d and 4th, and as the 4th to the ſum of the. 
3d and 5th, &c ; ſo that the 1ſt-and 2d being given, all the. reſt are 

ound from them by one ſubtraction and one proportion for each, in 
which the iſt and 2d terms are conſtantly the ſame: next are given 
theorems for the chords of any multiples of a given are or angle, as 
alſo the chords of their ſupplements to a ſemicircle, which are ſimilar 
to the ſines and coſines of the multiples of given angles; and the con- 
cluſions from them are expreſſed in this manner: iſt that if c be the 
chord of the ſupplement of a given are a, to the radius 1, then the 
chords of the ſupplements of the multiple ares, will be as in the 
annexed table: where the author oh- OO 
ſerves that the ſigns are alternately . [Arcs Chords gf the Supplements. 
+ and -; that the vertical columns | *# Is 
| of numeral coefficients to the terms of 24 72 22 
the chords, are the ſeveral orders of . * 45 3 
figurate numbers, which he calls tri- 7 % . | 
angular, pyramidal, triangulo-trian=, 85 | a $f + gf 2 
gular, triangulo-pyramidal, &. gene- | 4a | = 7 +14 — 70: 
rated in the ordinary way by continual. | go. Ke. 
additions; net indeed from unity, As In W * ut 
THE GENERATION OF POWERS, but beginning with the number 2 and 
that the powers obſerve always the ſame progreſſion: ſecondly, that if the 


chord of an are a be called 1, and 4 the chord of che. double arc 24, * 
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the chords of the ſeries of multiple 
arcs, will be as in this table; where 
the author remarks as before on the 
law of the powers, ſigns, and coef- 


Arcs Chords. 
Ia 
2a 


I 

A 

3a 7 

ate numbers, raiſed from unity go 4* 
45 

4 

al 


7 


| kicients, theſe being the orders of 4 2 4 = 
by continual additions, after the man- 5 * 455 1 „% 


— 8 + 6/* — 1 
— b +104* — 44 


ner of the geneſis of powers, which ge- 54 
neration in that way he ſpeaks of | 82 
as a thing generally known; but Kc. 
without giving any hint how the 
coefficients of the terms of any power may be found from one another 
only, and independent of thoſe of any other power; as it was after- 
wards, and firſt of all -believe, done by Henry Briggs, about the year 
1600: and 3dly, that if C be the chord of any arc a, to the radius 1; 
then the ſeries of the chords and ſupplemental chords of the multiple 
arcs, will be thus; 8 
where the values are Arc. Chord — 2 Chords of Sup. 
alteratelychords and * gu wet Th TR _ 
chords of the ſup- | 3. Chord = —C* + 30 


plements of the arcs Sl oh 1 C2 + 5 
on the ſame line, and 2 Cd EP To 4 * L 50 

the law of the pow - 2 Jup: ch. Ce + 60* — 9@* + 2 
ers and coefficients | + 5C 


Chord = -C + 5C5 —14C3 
as before, but every | &c.| &c. | 
alternate couplet of 
lines having their ſigns changed. 
Another curious theorem is added to the above, for finding the ſum 
of all theſe chords drawn in a ſemicircle, from one end of the diameter 
to every point in the circumference, thoſe points dividing the circumfe- 
rence into any number of equal parts; namely as the leaſt chord is 
to the diameter, ſo is the ſum of the ſaid leaſt chord and diameter and 
- greateſt chord, to double the ſum of all the chords including the dia- 
meter as one of them. | ks 
As the above theorems are chiefly adapted for the chords of multiple 

angles, a few problems and remarks are then added (whether by Vieta 
or Anderſon does not clearly appear, but I think by the latter) concern- 
ing the application of them, to the ſection of 1 into ſubmultiples, 
and thence to the computation of the chords or ſines, or a canon of 
triangles. The general precept for the angular ſections is this; ſelect 
one of the above equations adapted to the proper number of the ſection; 
in which will be concerned the powers of the unknown or required 
quantity, as high as the index of the ſection; and from this equation 

nd that quantity by the known methods for the reſolution of equa- 
tions. Examples are given of three different ſections, namely for 3, 5, 
and 7 equal parts, the * for which are reſpectively theſe a 

2 „ „„ . 

5C=—:50 +C...., = 

12 7C 140 ⁰ TCC 222 
where g is the chord of the given arc or angle, and C the required chord 
of the 3d, 5th, or 7th part of it. And it is ſhewn geometrically 2 
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the firſt of theſe equations has 2 real poſitive roots, the ſecond 3, and 
the laſt 4; alſo from the ſame principles the relations of theſe roots 
are pointed out, 

The method then annexed for conſtructing the canon of fines from 
the foregoing theorems, is thus: By dividing the radius in extreme- 
and- mean ratio, is obtained the fine of 18 degrees; this quinquiſeced, 

gives the ſine of 3® 36": Again, by triſecting the arc of 609, there is 
obtained the ſine of 209; this again triſected gives that of 69 407; and 
this biſected gives that of 30 20": Then, by the theorem for the diffe- 
rence of two arcs, there will be found the fine of 167, the difference 
between 30 36“ and 30 200: Laſtly, by four ſucceſſive biſections, will 
at length be found the ſines of 8“, 4, 2' and 1'. This laſt being found, 
the fines of its multiples, and again of the Wed . of theſe multiples, 
&c, throughout the quadrant, are to be taken by the proper theorems 
before laid down, 

And the ſame ſubjeR js ſtill farther purſued and explained in the tract 
containing the anſwer given by Vieta to the problem propoſed to the 
whole world by Adrianus Romanus. 

In the fame collection of Vieta's works, from page 400 to 432, is 

iven a compleat treatiſe on practical trigonometry, containing rules 
Þe reſolving all the caſes of plane and ſpherical triangles, by the Canon 
Mathematicus, or table of fines, tangents and ſecants. 

The next authors whoſe labours in this way have been printed, are 
Rheticus, Otho, and Pitiſcus: to all of whom we owe very great im- 
provements in trigonometry. 

George Joachim Rheticus, profeſſor of mathematics in the univer- 
ſity of Wurtemburg, and ſometime pupil to Copernicus, died in 1576, 
in the Goth year of his age. He conceived and executed the great 
deſign of computing the triangular canon for every 10 ſeconds of the 
quadrant, to the pry Fes ( 1000000000000000) conſiſting of 1 followed 
by 15 ciphers. The ſeries of ſines which Rheticus computed to this 
radius, for every 10 ſeconds, and for every ſingle ſecond in the firſt 
and laſt degree of the quadrant, was publiſhed in folio at Francfort 
1613 by Pitiſcus, who himſelf added a few of the firſt fines computed 
to the radius 100000000000C0000000000. 

But the large work, or whole trigonometrical canon, computed by 
Rheticus, was publiſhed in 1596 by Valentine Otho, mathematician 
to the Electoral Prince Palatine. This vaſt work contains all the 
three ſeries for the whole canon of right-angled triangles (being ſimi- 
lar to the ſines, tangents and ſecants, by which names I ſhall call them), 
with all the differences of the numbers, to the radius 10000000000, 

Prefixed to theſe tables are ſeveral books on their conſtruction and 
uſe in plane and ſpherical trigonometry, &c. Of theſe, the firſt 3 
are by Rheticus himſelf; namely, book the iſt containing the demon- 
ſtrations of q lemmas concerning the properties of certain lines drawn 
in and about circles: the ad book contains 10 propoſitions relative to 
the ſines and coſines of arcs, together with thoſe of their ſums and dif- 

ferences, their halves and doubles, &c. The 3d book teaches, in 13 pro- 
poſitions, the conſtruction of the canon to the radius 100c000000000000. 
By ſome of the common * of geometry having determined the 


ſines 


— 


— 
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fines of a few principal arcs, as 300, 360, &c, in the firſt propoſition 
by continual bi ſections, he finds the fines of various other arcs, down 
to 45 minutes, Then, in the 2d propoſition, by the theorems tor the ſums 
and differences of arcs, he finds all the fines and cofines, up to go 
degrees, in a ſeries of arcs differing by 19 30“. And, in the 3d propoptian, 
by the continual addition of 45', he obtains all the fines and coſines 
in the ſeries whoſe common difference is 45”. In the 4th propoſition, be- 

inning with 45“, and continually biſecting, he finds the fines and co- 

nes of the ſeries of half arcs till he arrives at the arc of 14% 19, the 
fine of which is found to be 1, and its coſine 999g 9999999999- Inthe 

th propoſition are computed the fine and coſine of 30” or half a minute. 
jn the 6th and 7th propoſitions are computed the ſines and coſines for 
every minute, from 1“ to 45%, as well as of many larger arcs, The 
$th propoſition extends the computation for ſingle minutes much far- 
ther. In propoſition q and 10 are computed the tangents and ſecants for 
all arcs in the ſeries whoſe common difference is 45”; and theſe are 
deduced from the fines of the ſame arcs by one proportion for each. In 


the remaining three propoſitions, 11, 12, 1 35 are computed the tan- 


gents and ſecants for ſeveral ſmall angles. And from all theſe primary 
fines, tangents, and ſecants, the whole canon is deduced and com- 
pleated. | f | 

The remaining books in this work, are by the editor Otho ; namely, 
a treatiſe, in one book, on right-angled plane triangles, the caſes of 
which are reſolved by the tables; then right-angled ſpherical trigonome- 


try in four books; next oblique ſpherical trigonometry in fiye books; 


and laſtly ſeveral other books, containing various ſpherical problems. 
Next after the above are placed the tables themſelves, containing, 


for every 10 ſeconds, the fines, „ mp and ſecants, with all the dif- 


ferences annexed to each, in a ſmaller character. The numbers how- 


ever are not called ſines, tangents, and ſecants, but, like Vieta's be- 


fore deſcribed, they are conſidered as repreſenting the ſides of right- 


angled triangles, and titled accordingly. They are alſo in like man- 


ner divided into three ſeries, namely, according as the radius, or conſtant 
ſide of the triangle, is made the hy potenuſe, or the greater leg, or the 
Jeſs leg of the triangle. When the hypotenuſe is made the conſtant 
radius 10000000000, the two columns of this caſe or ſeries, are called 
the perpendicular and baſe, which are our fine and cofine ; when the 
greater leg is the conſtant radius, the rwo columns of this ſeries are 
titled hypotenuſe and perpendicular, which are our ſecant and tan- 
wg and when the leſs leg is conſtant, the two columns in this caſe 
are called hypotenuſe and baſe ; which are our coſecant and cotangent. 
After this large canon is printed another ſmaller table, which is ſaid 
to be the two columns of the third ſeries, or coſecants and cotangents, 
with their differences, but to 3 places of figures leſs, or to the radius 
10000000. But I cannot diſcover the reaſon for adding this leſs ta- 
ble, even if it were correct, which is very far from being the caſe, the 
numbers being uniformly erroneous, and different from the former 


through the greatcſt part of the table, 


Towards 


* 
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Towards the cloſe of the 16th century many perſons wrote on the 
ſubject of trigonometry, and the conſtruction of the triangular canon. 
But, their writings being ſeldom printed till many years afterwards, it 
is not eaſy to aſſign their order in reſpe& of time. I ſhall therefore 
mention but a few of the principal authors, and that without pretend- 
ing to any Pen preciſion on the ſcore of chronological precedence. 

n 1591 Philip Lanſbergius firſt publiſhed his Geometria Triangu- 
lorum in four book, with the canon of fines, tangents, and ſecants; 
a brief but very elegant work ; the whole being * explained : 
and it is perhaps the firſt ſet of tables titled with thoſe words. The 
fines, tangents and ſecants of the arcs to 45 degrees, with thoſe of 
their complements, are each placed in adjacent columns, 'p. a very 
commodious manner, continued forwards and downwards to 45 de- 


grees, and then returning backwards and upwards to go degrees: the 


radius is 10000000, and a ſpecimen of the firſt page of the table is as 
follows : | x 


0 Sinus Tangens ves $95 Secants . | 
 _ oÞ10000000[ of Infinitum. |} 0000000] Infinitum. ||60 | 


O 
—— 


r || 2999] 9999999|} 2909343774067 38 1034327468193 %59 
2 88180 9990998 5818 2 171887348241158 | 
3 |} $727! 99999960 8727 £14 591 5299411 10000004\1 14591 $7367 57 
4 11636 99999931636 $5943 3048||10000007] 8594368866||56 | 
| 5 14544] 9999989414544} 6875488693 10000011] 6875495966!'55 | 
& | | | c 
E 


Of this work, the firſt book treats of the magnitude and relations of 
ſuch lines as are conſidered in and about the circle, as the chords, fines, 
tangents, and ſecants. In the ſecond book is delivered the conſtrue- 
tion of the trigonometrical canon, by means of the properties laid down 


in the firſt book: After which follows the canon itſelf, And in the 


third and fourth books is ſhewn the application of the table, in the 
reſolution of plane and ſpherical triangles——Lanſberg, who was born 
in Zealand 1561, was many years a miniſter of the goſpel, and died at 
Middleburg in 1632. 55 | 
The trigonometry of Bartholomew Pitiſcus was firſt publiſhed at 
Francfort in the year 1599. This is a very compleat work; contain- 
1055 beſides the triangular canon, with its conſtruction and uſe in re- 
ſolving triangles, the application of trigonometry to problems of ſur- 
veying, altimetry, architecture, geography, dialling, and aſtronomy. 
The conſtruction of the canon is very clearly deſcribed : And, in the 
third edition of tHe book in the year 1612, he boaſts to have added, in 
this part, arithmetical rules for finding the chords of the 3d, 5th, and 
other uneven parts of an arc, from the chord of that arc being given ; 
ſaying that it had been heretofore thought impoſſible to give ſuch 
rules : But, after all, thoſe hoaſted methods are only the application of 
the double rule of F alſe-Poſition to the then known'rules for finding 
the chords of multiple ares; namely, making the ſuppoſition of ſome 
C 2 number 


— 
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number for the required chord of a ſubmultiple of any given are, then 
from this aſſumed number computing what will be the chord of its 
multiple arc, and which is to be compared with that of the given arc ; 
then the ſame operation is perſormed with another ſuppoſition ; and ſo 
on as in the double rule of poſition. The canon contains the fine, 
tangent, and ſecant for every minute of the quadrant, in ſome parts 
to 7 places of figures, in others to 8; as alſo the differences for every 
10 ſeconds. The fines, 8 and ſecants are alſo given for every 
10 ſeconds in the firſt and laſt degree of the quadrant, for every 2 ſe- 
conds in the firſt and laſt 10 minutes, and for every ſingle ſecond in 
the firſt and laſt minute; In this table the fines, tangents and ſecants 
are continued downwards on the left-hand pages as far as to 45 de- 
rees, and then returned upwards on the right-hand pages, ſo that 
the complements are always on the ſame line in the oppoſite or facing 
ages. 
7277 he mathematical works of Chriſtopher Clavius (a German jeſuit, 
who was born at Bamberg in 1537) in five large folio volumes, were 
printed at Moguntia, or Metz, in 1612, the year in which the author 
died, at the age of 75. In the firſt volume we find a very ample and 
circumſtantial treatiſe on trigonometry, with Regiomontanus's canon 
of ſings for every minute, as alſo canons of tangents and fecants, 
each in a ſeparate table, to the radius ro000000, and in a form 
continued forwards all the way up to go degrees. The explanation 
of the conſtruction of the tables, is very compleat, and is chiefly ex- 
tracted from Ptolemy, Purbach, and Regiomontanus. The fines 
have the differences ſet down for each ſecond, that is, the quotients 
ariſing from the differences of the fines divided by 60. About the 
year 1600 Ludolph van Collen, or a Ceulen, a reſpectable Dutch 
mathematician, wrote his book de circuls & adſcriptis, in which he 
treats fully and ably of the properties of lines drawn in and about the 
circle, and eſpecially of chords or ſubtenſes, with the conſtruction of 
the canon of ſines. The geometrical properties from which theſe 
lines are computed, are the ſame as thoſe uſed by former writers; but 
his mode of computing and expreſſing them, is different from theirs ; 
for they actually extracted all the roots, &c, at every ſtep, or ſingle 
operation, in decimal numbers; but he retained the radical expreſ- 
ſions to the laſt, making them however always as ſimple as poſſible: 
thus, for inſtance, he determines the fides of the polygons of 4, 8, 
16, 32, &c, ſides inſcribed in the circle whoſe radius is 1, to be as 
in the table annexed; | 


where the point before any figure [No.0 | | 
(v. 2) ſignifies the oe of all hdes Length of each fide. 


that follows it; ſo the laſt line $ 92 
is in our notation the ſame as | ee ck 
| 2 16 | /-2— N. 2 + 5e 
Va-Va TV. And as | 32 . 2 „. 2 + V. 2 — 2 
the perfect management of ſuch | &c - &c 
ſurds was then not 8 known, he added a very neat tract on 
that ſubject, to facilitate the computations. Theſe, together with 
other diſſertations on ſimilar geometrical matters, were tranſlated from 
| the 


car 
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the Dutch language into Latin by Willebrord Snell, and publiſhed at 
(Lugd. Batav.) Leyden in 1619. It was in this work that Ludolph 
determined the ratio of the diameter to the circumference of the circle 
to 36 figures, ſhewing that, if the diameter be 1, the circumference 
will be 1 | 

greater than 3'14159,265 35,89793,23346,26433483279,50288, 

but leſs than 3*'14159, 26535,89793,23840,20433,83279,50289 ; 
which ratio was by his order, in imitation of Archimedes, engraven 
on his tomb- ſtone, as is witneſſed by the ſaid Snell, pa. 54, 55, Cyclome- 
tricus, publiſhed at Leyden two years after, in which he treats the 
ſame ſubje& in 4 ſimilar manner, recomputing and verifying Lu- 
dolph's numbers. And in the ſame book he alſo gives a variety of 
geometrical approximations, or mechanical ſolutions, to determine 
very nearly the lengths of arcs, and the areas of ſectors and ſegments 
of circles. 

Beſides the Cyclametricus, and another geometrical work ( Apollonius 
Battavus ) publiſhed in 1608, the ſame Snellius wrote alſo four others 
doctrinæ triangulorum canonice, in Which are contained the canon of 
ſecants, and in which the conſtruction of fines, tangents and ſe- 
cants, together with the dimenſion or calculation of triangles, both 
plane and ſpherical, are briefly and clearly treated, After the author's 
death this work was publiſhed in 8vo, at Leyden 1627, by Martinus 
Hortenſius, who added to it a tract on ſurveying and ſpherical prob- 
lems, Willebrord Snell was born in 1591 at Royen, and died in 1627, 
being only 35 years of age. He was profeſſor of mathematics in the 
univerſity of Leyden, as was alſo his father Rodolph Snell. 

Alſo in 1627, Francis van Schooten publiſhed at Amſterdam, in a 
ſmall neat form, tables of ſines, tangents and ſecants for every minute 
of the quadrant, to 7 places of figures, the radius being 10co0000 z 
8 7 with their uſe in the trigonometry of plane triangles. Theſe 
tables have a great character for their accuracy, being declared by the 
author to be without one ſingle error. This however muſt not be 
underſtood of the laſt figure of the numbers, which I find to be very 
often erroneous, ſometimes in exceſs and ſometimes in defect, by not 
being always ſet down to the neareſt unit. Schooten died in 1659, 
while the ſecond volume of his ſecond edition of Deſcartes' geometry 
was in the preſs. He was alſo author of ſeveral other valuable works 
in geometry and other branches of the mathematics, 

The foregoing are the principal writers on the tables of fines, tan- 
gents and ſecants, before the invention of logarithms, which happened 
about this time, namely, ſoon after the year 1600, Tables of the na- 
tural numbers were now all complęated, and the methods of compu- 
ting them nearly perfected : And therefore, before entering on the 
diſcovery and conſtruction of logarithms, I ſhall ſtop here awhile to 
give a ſummary of the manner in which the ſaid natural fines, tan- 
gents and ſecants were actually computed, after having been gradu- 
ally improved from Hipparchus, Menelaus, and Ptolemy, who uſed 
only the chords, down to the beginning of the 17th century, when 
fines, tangents, ſecants and verſed fines were in uſe, and when the 
method hitherto employed had received its utmoſt improvement. , 
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In this explanation I ſhall here firſt enumerate the theorems by 
which the calculations were made, and then deſcribe the application 
of them to the computation itſelf. 

Theorem 1. The ſquare of the diameter of a circle, is equal to the 
ſum of the ſquares of the chord of an arc and of the chord of its ſup- 
plement to a ſemicircle. 

2. The rectangle under the two diagonals of any quadrilateral in- 
ſcribed in a circle; is equal to the ſum of the two rectangles under the 


oppoſite ſides. 


3. The ſum of the ſquares of the fine and coſine (hitherto called 
the ſine of the complement), y equal to the ſquare of the radius. 

4. The difference between. the fines of two arcs that are equally 
diſtant from 60 degrees, or F of the whole circumference, the one as 
much greater as the other is leſs, is equal to the fine of half the 
difference of thoſe arcs, or of the difference between either arc and the 
faid are of 60 degrees. | 

5. The ſum of the cofine and verſed fine is equal to the radius, 

6. The ſum of the ſquares of the ſine and verſed fine, is equal to 
the ſquare of the chord, or to the ſquare of double the fine of half 
the arc. N 

7. The fine is a mean proportional between half the radius and the 
verſed ſine of double the are. 

8. A mean proportional between the verſed fine and half the radius, 
is equal to the fine of half the arc. | 

9. As radius is to the fine, ſo is twice the coſine to the fine of 


10. As the chord of an arc is to the ſum of the chords of the 
fingle and double arc, ſo is the difference of thoſe chords to the chord 
of thrice the arc. RE 

11. As the chord of an arc is to the ſum of the chords of twice and 
thrice the arc, ſo is the difference of thoſe chords to the chord of five 


times the arcs. 


12. And in general, as the chord of an arc is to the ſum of the 
chords of » times and n + 1 times the arc, ſo is the difference of thoſe 
chords to the chord of 21+ times the arc. £8 


13. The fine of the ſum of two arcs, is equal to the ſum of the 


products of the fine of each multiplied by the coſine of the other and 
divided by the radius. | 


14- The fine of the difference of two arcs, is equal to the difference | 


of the ſaid two products divided by radius. | 
15. The coſine of the ſum of two arcs, is equal to the difference 
—_ the products of their ſines and of their coſines divided by 
radius. ; 
16. The coſine of the difference of two arcs, is equal to the ſum 
of the ſaid products divided by radius. 
17. A ſmall arc is equal to its chord or fine, nearly. 
18. As coſine is to fine, ſo is radius to tangent, 3 
Ps” Radius is a' mean proportional betweea the tangent and co- 
vent, | 


20. Half | 
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20. Half the difference between the tangent and cotangent or an 
arc, is equal to the tangent of the difference between the arc and its 
complement. Or, the ſum ariſing from the addition of double the 
tangent of an arc with the tangent of half its complement, is equgl 
to the tangent of the ſum of that arc and the ſaid half complement, 

21. The ſquare of the ſecant of an arc, is equal to the ſum of the 
ſquares of the radius and tangent. 

22. Radius is a mean proportional between the ſecant and coſine. 
Or, as coſine is to radius, ſo is radius to ſecant. 

23. Radius is a mean proportional herweep the ſine and coſecant. 

24. The ſecant of an arc, is equal to the ſum of its tangent and the 
tangent of half its complement, Qr, the ſecant of the difference be- 
tween an arc and its complement, is equal to the tangent of the ſaid 
difference added to the tangent of the leſs arc. 

25. The ſecant of an arc, is equal to the difference between the 
tangent of that arc and the tangent of the arc added to half its comple- 
ment. - Or, the ſecant of the difference between an arc and its bs 
plement, is equal to the difference between the tangent of the faid dif- 
ference and the tangent of the greater arc. | 

From ſome of theſe 25 theorems, extracted from the writers before 
mentioned, and a few propoſitions of Euclid's elements, they compiled 
the whole table of fines, tangents, and ſecants, nearly in the following 
manner. 

By the elements were computed the ſides of a few of the regular 
figures inſcribed in a circle, which were the chords of ſuch parts of 
the whole circumference as are expreſſed by the number of ſides, and 
therefore the halves of thoſe chords the fines of the halves of the arcs. 
So, if the radius be 10000000, the ſides of the following figures will 
give the annexed chords and fines, | 


| Arcs ſub- Its chord, Half Its fines 
; Ine tended or ſide BY or 4 chord 
. | Triangle 120? 17320 508 60® | 8660254 
| Square 90 14142136 45 } 5071068 | 70 
, Pentagon 727 11755705 36 5877853 & 
Hexagon 60 19000000 | 30 | 5000000 | 
e | Decagon 36 6180340 | 18 | 3090170 
4 . 24 418823412 | 2079117 


Of ſome, or all of theſe, the ſines of the halves were continually 
taken, by theorem the th, 7th, or 8th, and of their complements by 
e the zd; then the ſines of the halves of theſe, and of their complements, 
y by the ſame theorems ; and ſo on alternately of the halves and com- 
E * till we 1 ral arc which is nearly equal to its fine. 
us, beginning with the above arc of 12 degrees, and its 
obtain the halyes as follows; 2 ) 2 _ 
The 


alf 
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In this explanation I ſhall' here firſt enumerate the theorems by 
which the calculations were made, and then deſcribe the application 
of them to the computation itſelf. | 

Theorem 1. The ſquare of the diameter of a circle, is equal to the 
ſum of the ſquares of the chord of an arc and of the chord of its ſup- 
plement to a ſemicircle. 

2. The rectangle under the two diagonals of any quadrilateral in- 
ſcribed in a circle is equal to the ſum of the two rectangles under the 
oppoſite ſides. ] | 

3. The ſum of the ſquares of the fine and coſine (hitherto called 
the ſine of the complement), is equal to the ſquare of the radius. 

4. The difference between the fines of two arcs that are equally 
diſtant from 60 degrees, or 4 of the whole circumference, the one as 
much greater as ts other is leſs, is equal to the fine of half the 
difference of thoſe arcs, or of the difference between either arc and the 
faid are of 60 degrees. | 

5. The ſum of the coſine and verſed fine is equal to the radius, 

6. The ſum of the ſquares of the ſine and verſed fine, is equal to 
the ſquare of the chord, or, to the ſquare of double the fine of half 


. 


the arc. | 
7. The fine is a mean proportional between half the radius and the 
verſed fine of double the arc. 
© 8. A mean proportional between the verſed fine and half the radius, 
is equal to the fine of half the arc. 
9. As radius is to the fine, fo is twice the coſine to the fine of 
twice the arc. 4 
10. As the chord of an arc is to the ſum of the chords of the 
fingle and double arc, ſo is the difference of thoſe chords to the chord 
of thrice the arc. 8 
11. As the chord of an arc is to the ſum of the chords of twice and 
thrice the arc, ſo is the difference of thoſe chords to the chord of five 
times the arcs. JT | 
12. And in general, as the chord of an arc is to the ſum of the 
chords of x times and n + 1 times the arc, fo is the difference of thoſe 
chords to the chord of 2n+ 1 times the arc. 855 
13. The fine of the ſum of two arcs, is equal to the ſum of the 
products of the fine of each multiplied by the coſine of the other and 
divided by the radius. 5 
14. The fine of the difference of two arcs, is equal to the difference 
of the ſaid two products divided by radius. | 
15. The coſine of the ſum of two arcs, is equal to the difference 
— the products of their fines and of their coſines divided by 
us. N 
16. The coſine of the difference of two arcs, is equal to the ſum 
of the ſaid products divided by radius. | 
| ry A ſmall arc is equal to its chord or fine, nearly. 
18. As coſine is to fine, ſo is radius to tangent, OR” 
Ig. Radius is a' mean proportional between the tangent and co- 
tangent, | 5 
20. Half 
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20. Half the difference between the tangent and cotangent or an 
arc, is equal to the tangent of the difference between the arc and its 
complement. Or, the ſum ariſing from the addition of double the 
tangent of an arc with the tangent of half its complement, is equgl 
to the tangent of the ſum of that arc and the ſaid half complement, 

21. The ſquare of the ſecant of an arc, is equal to the ſum of the 
ſquares of the radius and tangent, 

22. Radius is a mean proportional between the ſecant and coſine. 
Or, as coſine is to radius, ſo is radius to ſecant. 

23. Radius is a mean proportional N the ſine and coſecant. 

24. The ſecant of an arc, is equal to the ſum of its tangent and the 
tangent of half its complement. Or, the ſecant of the difference be- 
tween an arc and its complement, is _ to the tangent of the ſaid 
difference added to the tangent of the leſs arc. 

25. The ſecant of an arc, is equal to the difference between the 
tangent of that arc and the tangent of the arc added to half its comple- 
ment. Or, the ſecant of the difference between an arc and its com- 
plement, is equal to the difference between the tangent of the ſaid dif 
ference and the tangent of the greater arc. | 

From ſome of theſe 25 theorems, extracted from the writers before 
mentioned, and a few propoſitions of Euclid's elements, they compiled 
the whole table of ſines, tangents, and ſecants, nearly in the following 
manner. 

By the elements were computed the ſides of a few of the regular 
figures inſcribed in a circle, which were the chords of ſuch parts of 
the whole circumference as are expreſſed by the number of ſides, and 
therefore the halves of thoſe chords the fines of the halves of the arcs. 
So, if the radius be 10000000, the ſides of the following figures will 
give the annexed chords and lines, * 


Ares ſub- Its chord, Half Its fines, 
a tended | or fide | arc for chord 
Triangle 120? 17320508 | 60? | 8660254 
Square 90 14142136 | 45 | 5071068 | 
Pentagon 72 11755705 36 58778533 
exagon 60 10000000 | 30 | 5000000 | | 
Decagon 36 6180340 | 18 | 30901750 
Quiodecapenl 24 4158234 | 12 | 2079117 


Of ſome, or all of theſe, the fines of the halves were continual 
taken, by theorem the th, 7th, or 8th, and of their complements by 
the zd; then the fines of the halves of theſe, and of their complements, 
by the ſame theorems; and ſo on alternately of the halves and com- 
A. till we arrive at an arc which is nearly equal to its fine. 

us, ginning with the above arc of 12 degrees, and its we 
obtain the halves as follows ; ** ; oh 

The 
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{The halves Their fines ou mo vines The halves Sines 
69 / of theſe 33 5446390 

{ 3 $5 opt 48? 17431448 | 16 30 [2840153 

|: 30 261769 | | 99 9335804] | 8 15 11434926 

4 130898 | 79 39 \9832549] | 27 45 [4656145 
| — 84 45 9958049 Comps. 

The comp. 40 39 17253744] | 57 $386706| 
of theſe | 68 15 9288095 | 5; 30 [9588197 
84 9945218 E 45 [7163019] Br 45 [9896514 
87 9986295 The halves 88498 
88 30 9996573 of theſe | 
8 is | 9999143 | | 24 4067366 
— HO 34 30 5664062 

The halves 17 15 2965416 
of theſe 39 45 6394390 : 

42 6691 306 29 1519908740 | &, 30 8788171 
21 3393079 The comp. 7s 45 . 
10 30 | 182235 66 9135455] | 53 r5 [8012538 
5 15 | 91501 55 30 8241262 Ha 


43 30 | 6883545 | | 72 45 [9550199 
2: 45 | 3705574 | | 50 25 7688418] 4 [$112931 


* 6977995 45 [9187912 Comp, 


59__ 15 18594064) 


The fines of ſmall arcs are then deduced in this manner. From 
the ſine of 45” above determined, are found the halves, which will bg 


thus: 


—_ 


VVV 

22 30% +» + +» +» 0544944 
II 15 „„ 327248 
Now theſe laſt two ſines being evidently in the ſame ratio as their 
arcs, the ſines of all the leſs ſingle minutes will be found by ſingle 
proportion. So the 45th part of the fine of 45", gives 2909 for the ling 
of 1'; which may be doubled, tripled, &c, for the fines of 2“, 3', &c\ 
up to 45 

n= from all the foregoing primary fines, by the theorems for 


halving, doing, or tripling, and by thoſe for the ſums and diffe- 
t 


rences, the reſt of the ſines are deduced, to compleat the quadrant. 

But having thus determined the fines and coſines of the firſt 309 of 
the quadrant, that is the fines of the firſt and laſt 30®, thoſe of the 
intermediate 39? are, by theor. 4, found by one ſingle ſubtraction for 
each fine, | 

The fines of the whole quadrant being thus compleated, the tan- 
gents are found by theor. 18, 19, 20, namely for one half of the quad- 
rant by the 18th and 19th, and the other half, by one ſingle addition 
or ſubtraction for each, by the 20th theorem. | 

And laſtly, by theor. 24 and 25, the ſecants are deduced from the 
tangents by addition and ſubtraction only. 

Among the various means uſed for conſtructing the canon of fines, 
tangents and ſecants, the writers above enumerated ſeem not to have 
been poſſeſſed of the method of differences, ſo profitably uſed fince, 


and firſt of all I believe by Briggs, in computing his trigonometrical 
canon 
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canon and his logarithms, as we ſhall ſee hereafter when we come to 
deſcribe thoſe works, They took however the ſucceſſive differences of 
the numbers after they were computed, to verify or prove the truth of 
them; and if found erroneous, by any irregularity in the laſt differences, 
from thence they had a method of correcting the original numbers 
themſelves. At leaſt this method is uſed by Pitiſcus, Treg. lib. a, where 
the differences are extended to the third order. In pa. 44, of the 
ſame book alſo is deſcribed, for the firſt time that I know of, the common 
notation of decimal fractions as now uſed. And this ſame notation 
was afterwards deſcribed and uſed by baron Neper in poſtis 4 and 5 of 
his poſthumous work on the conſtruction of logarithms, publiſhed by 
his ſon in the year 1619. But the decimal fractions themſelves may 
be conſidered as having been introduced by Regiomontanus, by his de- 
cimal diviſion of the radius &c. of the circle; and from that time gra- 
dually brought into uſe; but continued long to be denoted after the 
manner of vulgar fractions, by a line drawn between the numerator 
and denominator, which laſt however was ſoon omitted, and only the 
numerator ſet down with the line below it; thus it was firſt 31223, 
the 3144; afterwards omitting the line it became 3135, and laſtly 
31, or 31-35 or 31*35: As may be traced in the works of Vieta and 
others ſince his time, gradually into the preſent century. 

Having often heard it remarked that the word fine, or in Latin and 
French /nus, is of doubtful origin; and as the various accounts which 
I have ſeen of its derivation," are very different from one another, it 
may not be amiſs here to employ a few lines on this matter. Some 
authors ſay this is an Arabic word, others that it is the ſingle Latin 
word ſinus, and in Montucla's Hifteire des Mathematiques, it is conjec- 
tured to be an abbreviation of two Latinwwords. The conjecture is 
thus expreſſed by the ingenious and learned author of that excellent 
hiſtory, at pa. xxxiii among the additions and corrections of the firſt 
volume: © A Poccaſiog des ſinus dont on parle dans cette page, come 
d'une invention des ArAbes, voict une 22 de ce nom, tout · a- fait 
heureuſe & vraiſemblable. Je la dois a M. Godin, de l' Académie 
Royale des Sciences, Directeur de l' Ecole de Marine de Cadix. Les 
ſinus ſont, comme l'on ſcait, des moities de cords; & les cordes en 
Latin ſe nomment inſcriptæ. Les ſinus ſont done ſemiſſes inſcriptarum, 
ce que probablement on &Ectivit ainſi pour abreger, S. Ins. Dela en- 
ſuite s'eſt fait par abus le mot de ſinus.” Now ingenious as this 
conjecture is, there appears to be little or no probability for the truth 
of it. For, in the firſt place, it is not in the leaſt ſupported by quo- 
tations from any of the more early books to ſhew that it ever was the 
practice to write or print the words thus S. Int. upon which the con- 
jecture is founded. Again, it is ſaid the chords are called in Latin 
inſcriptæ; and it is true that they ſometimes are ſo; but I think they 
are more frequently called ſubtenſæ, and the fines Jemiſſes ſubtenſarum 
of the double arcs, which will not abbreviate into the word jinus. 
But it may be ſaid, whatreaſon have we to ſuppoſe this word to be either 
a Latin word, or the abbreviation of any Latin words whatever? that 


it ſeems but proper to ſeek for u of words in the * 
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of the inventors of the things. For which reaſon it is, that we find the 
two other words, tangens and ſecans, are Latin, as they were invented 
and uſed by authors who wrote in that language. But the fines are 
acknowledged to have been invented and introduced by the Arabians, 
and thence by analogy it would ſeem probable that this is a word of 
their language, and from them adopted, together with the uſe of it, 
by the Europeans. And indeed Lanſbergius, in the 2d pa. of his tri- 
gonometry above-mentioned, expreſſly ſays that it is Arabic: His 
words are, Vox ſinus Arabica ęſt, et proinde barbara; ſed cum longo uſie 
approbata fit, & commodior non ſuppetat, nequaquam repudienda eft : faciles 
enim in verbis nos eſſe oportet, cum de rebus convenit. And Vieta fays 
ſomething to the ſame purport in pa. q of his [wage cy Inſpectionum ad 
Canonem Mat bematicum Liber His words are, Breve ſinus vocabulum, 
cim fitartis, Saraceni preſertim quam familiare, non eft ab artificibus 
explodendum, ad laterum ſemiſſium inſcriptorum denotationem, &c. 
Guarinus alſois of the ſame opinion: in his Fucl:des Adauus Ee. tract. 
xx, pa. 307. he ſays, SINUS vero et nomen Arabicum uſurpatum in hanc 
fignificationem a mathematicis; although he was aware that a Latin ori- 
in was aſcribed to it by Vitalis, for he immediately adds, Licet Vitalis 
in ſuo Lexico Mathematico ex eo velit ſinum appellatum, quod claudat cur- 
vitatem arcus. | 
Long before I either ſaw or heard of any conjecture or obſervation 
concerning the etymology of the word finus, I remember that I ima- 
ined it to be taken from the ſame Latin word, fignifying breaſt or 
ſom, and that our fine was ſo called allegorically. I had obſerved 
that ſeveral of the terms in trigonometry were derived: from a bow to 
ſhoot with, and its appendages; as arcus the bow, chorda the ſtring, 
and ſagitta the arrow, by which name the verſed fine, which repre- 
ſents it, was ſometimes called; alſo that the tangens was ſo called 
from its office, being a line touching the circle, and ſecans from its cur- 
ting the ſame; I therefore imagined that the /inus was ſo called, either 
from its reſemblance to the breaſt or boſom, or from its being a line 
drawn within the boſom (ius) of the arc, or from its being that part 
of the ſtring {chorda) of a bow (arms) which is drawn near the breaſt 
(/inus) in the act of ſhooting. And perhaps Vitalis's definition above- 
quoted has ſome alluſion to the ſame ſimilitude. 7 
Alſo Vieta ſeems to allude to the ſame thing in calling finus an alle- | 
gorical word, in pa. 417 of his works as publiſhed by Schooten, where, 
with his uſual judgment and preciſion, he treats of the propriety of the 
terms uſed in trigonometry for certain lines drawn in and about the 
circle, of which, as it very well deſerves, I ſhall here extract the prin- 
cipal part, to ſhew the opinion and arguments of ſo great a man on 
thoſe names. Arabes autem ſemiſſes inſcriptas duplo, numeris præ- 
ſertim æſtimatas, vocaverunt allegorice Six us, atque ideo ipſam ſemi- 
diametrum, quæ maxima eſt ſemiſſium inſcriptarum, Stxnum Toruu. 
Et de iis ſua methodo canones exataverunt qui circumferuntur, ſuppu- 
tante præſertim Regiomontano bene juſte & accurate, in iis etiam par- 
ticulis qualium ſemidiameter adſumitur 10, ooo, ooo. 
as," = a N N ; : te Ex | 
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« Ex canonibus deinde ſinuum derivaverunt recentiores canonem 
ſemifium circumſcriptarum, quem dixere Fœcundum; & canonem 
educarum è centro, quem dixere Fœcundiſſimum & Beneficum, 
hypotenuſis addictum. Atque adeo ſemiſſes circumſcriptas, nu- 
meris præſertim æſtimatas, vocaverunt Fœcundos Sinus numeroſve 
videlicet; quanquam nihil vetat Fœcundi nomen ſubſtantive accipi. 
Hypotenuſas autem Beneficas, vel etiam ſimpliciter Hy potenuſas: 
quoniam hypotenuſa in prima ſerie ſinus totius nomen retinet. Ita- 
que ne novitate verborum res adumbretur, & alioqui ſua artificibus 
eo nomine debita præripiatur gloria, præpoſita in Canone Mathematico 
canonicis numeris inſcriptio, candide admonet primam ſeriem eſſe 
Canonem Sinum. In ſecunda vero, partem canonis fœcundi, partem 
canonis fœcundiſſimi, contineri. In tertia, reliquam. 

Sane præter inſcriptas & circumſcriptas, circulum etiam adficiunt 
aliæ lineæ rectæ, velut Incidentes, Tangentes, & Secantes. Verum 
illæ voces ſubſtantive ſunt, non peripheriarum relative. Ac ſecare 
quidem circulum linea recta tunc intelligitur, cum in duobus punctis 
ſecat. Itaque non loquuntur bene geometrice, qui eductas è centro 
ad metas circumſcriptarum vocant ſecantes improprie, cum ſecantes, 
& tangentes ad certos angulos vel peripherias referunt. Immo vero 
artem confundunt, cum his vocibus neceſſe habeat uti geometra abs 
relatione. 

« Quare ſi quibus arrideat Arabum metaphora; quæ quidem aut 
omnino retinenda videtur, aut omnino explodenda ; ut ſemiſſes in- 
ſcriptas, Arabes vocant ſinus ; fic ſemiffes circumſcriptæ, vocentur 
Proſinus Amſinuſve; & eductæ è centro, Tranſſinuoſæ. Sin allego- 
ria diſpliceat, geometrica ſane inſcriptarum & circumſcriptarum no- 
mina retineantur. Et cum eductæ è centro ad metas circumſcripta- 
rum, non habeant hactenus nomen certum neque elegans, voceantur 
ſane proſemidiametri, quaſi protenſæ ſemidiametri, ſe habentes ad ſuas 
circumſcriptas, ſicut ſemidiametri ad inſcriptas.” 

Againſt the Arabic origine however of this word (nus) may be ur- 
ged its being varied according to the fourth declenſion of Latin nouns, 
like manus; and that if it were an Arabic word latinized, it would 
have been ranked under either the firſt, ſecond, or third declenſion, as 
is uſual in ſuch adopted words. 

So that, upon the whole, it will perhaps rather ſeem probable, that 
the term ſinus is the Latin word anſwering to the name by which the 
Saracens called that line, and not their word itſelf. And this conjec- 
ture ſeems to be rendered ſtill more probable by ſome expreſſions in 
pa. 4 and 5 of Otho's preface to Rheticus's Canon, where it is not only 
ſaid, that the Saracens called the half chord of double the arc finus, 
but-alſo that they called the part cf the radius lying between the fine 
and the arc ſinus verſus vel ſegitta, which are evidently Latin words, 
and ſeem to be intended for the Latin tranſlations of the names by 
which the Arabians called theſe lines, or the numbers expreſſing the 
engths of them. 
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HE trigonometrical canon of natural fines, tangents and ſecants, 
being now brought to a conſiderable degree of perfection; the 
great length and accuracy of the numbers, together with the increaſ- 
ing delicacy and number of aſtronomical problems and ſpherical tri- 
angles, to the reſolution of which the canon was applied, urged many 
- perſons, converſant in thoſe matters, to endeavour to difcover ſome 
means of diminiſhing the great labour and time, requiſite for ſo many 
multiplications and diviſions, in ſuch large numbers as the tables then 
conſiſted of. And their chief aim was, to reduce the multiplications 
and diviſions to additions and ſubtractions, as much as poflible. 

For this purpoſe, Nicholas Raymer Urſus Dithmarſus invented an 
ingenious method, which ſerves for one caſe in the fines, namely, 
when radius is the firſt term in the proportion, and the fines of two arcs 
are the ſecond and third terms; for heſhewed that the fourth term or fine, 
would be found by only taking half the ſum or difference of the fines 
of two other arcs, which ſhould be the ſum and difference of the leſs 
of the two former given arcs and the complement of the greater. This 
is no wore in effeck than the following well-known theorem in tri 
nometry: As half radius is to the fine of one arc, ſo is the fine of another 
arc to the coſine of the difference minus the coſine of the ſum of the 
ſaid arcs. The author publiſhed this ingenious device in 1588, in his 
Fundamentum4ſironemie. And three or four years afterwards it was greatly 
improved by Clavius, who adapted it to all proportions in the reſolu- 
tion of ſpherical triangles, both for ſines, tangents, ſecants, verſed fines, 
&c; and that whether radius be in the proportion or not. All which 
he explains very fully in lem. 5 3 lib. 1. of his treatiſe on the Aſti olabe. 
This method, although ingenious, depends not on any abſtract property 
of numbers, but only on the relations of certain lines drawn in. and 
about the circle, and it was therefore rather limited, and ſometimes 
attended with trouble in the application. 

After perhaps various other contrivances, inceſſant endeavours at 

length produced the happy invention of logarithms, which are of di- 
rect and univerſal application to all numbers abſtractedly conſidered, 
being derived from a property inherent in themſelves, This property | 

may be conſidered, either as the relation between a- geometrical ſeries | 
of terms and a correſponding arithmetical one, or as the relation be- 
tween ratios and the meaſures of rativs, which comes to much the ſame | 
thing, they having been conceived in one of theſe ways by ſome of the | 
writers on this ſubject, and in the other by the reſt of them, as well as | 
in both ways at different times by the ſame writer. A ſummary idea | 
of this property, and of the probable reflections made on it by the firſt | 
writers on logarithms, may be to the following effect. |. 
The learned calculators, about the cloſe of the 16th, and begin- 
nin of the 17th century, finding the operations of multiplication and | 
diviſion by very long numbers cf 7 or 8 places of figures, which they | 


had | 
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had frequently occaſion to perform in ſolving problems relating to 

eography and aſtronomy, to be exceedingly troubleſome, ſet them- 

lves to conſider whether it was not poſſible to find ſome method of 
leſſening this labour, by ſubſtituting other eaſier operations in their 
ſtead. In purſuit of this object they reflected that, fince in every 
multiplication by a whole number, the ratio, or proportion, of the 
product to the multiplicand, is the ſame as the ratio of the multiplier 
to unity, it will follow that the ratio of the product to unity (which, 
according to Euclid's definition of compound ratios, is compounded 
of the ratios of the ſaid product to the multiplicand and of the multi- 
plier to unity), muſt be equal to the ſum of the two ratios of the mul- 
tiplier to unity and of the multiplicand to unity. Conſequently, if 
they could find a ſet of artificial numbers that ſhould be the repreſenta- 
tives of, or ſhould be proportional to, the ratios of all ſorts of numbers 
to unity, the addition of the two artificial numbers that ſhould repre- 
ſent the ratios of any multiplier and multiplicand to unity, would an- 
ſwer to the multiplication of the ſaid multiplicand by the ſaid multi- 
plier, or the ſum ariſing from the addition of the ſaid repreſentative 
numbers, would be the repreſentative number of the ratio of the pro- 
duct to unity; and conſequently the natural number to which it ſhould 
be found, in the table of the ſaid artificial or repreſentative numbers, 
that the ſaid ſum belonged, would be the product of the ſaid multipli- 
cand and multiplier. Having ſettled this principle as the foundation 
of their wiſhed-for method of abridging the labour of calculations, 
they reſolved to compoſe a table of ſuch artificial numbers, or num- 
bers that ſhould be repreſentatives of, or proportional to, the ratios of 
all the common or natural numbers to unity. 

The firſt obſervation that naturally occurred to them in the purſuit 
of this ſcheme, was that, whatever artificial numbers ſhould be choſen 
to repreſent the ratios of other whole numbers to unity, the ratio of 
- equality, or of unity to unity, muſt be repreſented by o; becauſe that 
ratio has properly no magnitude, fince, when it is added to, or ſub- 
tracted from, any other ratio, it neither increaſes nor diminiſhes it. 

The ſecond obſervation that occurred to them was, that any num- 
ber whatever might be choſen at pleaſure for the repreſentative of the 
ratio of any given natural number to unity ; but that, when once ſuch 
choice was made, all the other repreſentative numbers would be 
thereby determined, becauſe they muſt be greater or leſs than that firſt 
repreſentative number, in the ſame proportions in which the ratios re- 
preſented by them, or the ratios of the correſponding natural numbers 
to unity, were greater or leſs than the ratio of the ſaid given natural 
number to unity. Thus, either 1, or 2, or 3. &c, might be choſen 
for the repreſentative of the ratio of 10 to 1. But, if 1 be choſen for it, 
the repreſentatives of the ratios of 100 to 1 and 1000 to 1, which are 
double and triple of the ratio of 10 to 1, muſt be 2 and 3, and cannot 
be any other numbers; and, if 2 be choſen for it, the repreſentatives 
of the ratios of 100 to 1 and 1000 to 1 will be 4 and 6, and cannot be 
any other numbers ; and, if 3 be Choſen for it, the repreſentatives w 
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the ratios of 100 to I and 1000 to 1 will be 6 and g, and cannot be any 
other numbers; and ſo on, 

The third obſervation that occurred to them was, that, as theſe 
artificial numbers were repreſentatives of, or proportional to, ratios 
of the natural numbers to unity, they muſt be expreſſions of the num- 
bers of ſome ſmaller equal ratios that are contained in the ſaid ratios, 
Thus, if 1 be taken for the repreſentative of the ratio of 10 to 1, then 
3. which is cke repreſentative of the ratio of 1000 to 1, will expreſs the 
number of ratios of 10 to i that are contained in the ratio of 1000 to 1, 
And if, inſtead of I, we make 10,000,000, or ten millions, the repreſenta- 
tive of the ratio of 10 to 1; (in which caſe 1 will be the repreſentative of 
a very ſmall ratio, or ratiuncula, which is only the ten-millionth part 
of the ratio of 10 to 1, or will be the repreſentative of the 10,000,000th 
root of 10, or of the firit or ſmalleſt of 9,999,999 mean proportionals 
interpoſed between 1 and 10), the wr mc. ba of the ratio of 1000 to 
1, which will in this caſe be 30,000,000, will expreſs the number of 
thoſe ratiunculæ, or ſmall ratios of the 10,000,000th root of 10 to 1, 
which are contained in the ſaid ratio of 1000 to 1. And the like may 
be ſhewn of the repreſentative of the ratio of any other number to 
unity. And therefore they thought theſe artificial numbers, which 
thus repreſent, or are proportional to, the magnitudes of the ratios of 
the natural numbers to unity, might not improperly be called the 
LoGARITHMs of thoſe ratios, ſince they expreſs the numbers of ſmal- 
Jer ratios of which they are compoſed. And then, for the ſake of 
brevity, they called them the Logarithms of the ſaid natural numbers 
themſelves, which are the antecedents of the ſaid ratios to unity, of 
which they are in truth the repreſentatives, 

The foregoing method of conſidering this property, leads to much' 
the ſame concluſions as the other way, in which the relations between 
a geometrical ſeries of terms, and their exponents,-or the terms of an 
arithmetical ſeries, are contemplated, In this Jatter way, it readily 
occurred that the addition of the terms of the arithmetical ſeries cor- 
reſponded to the multiplication of the terms of the geometrical ſeries ; 
and that the arithmeticals would therefore form a ſet of artificial num- 
bers, which, when arranged in tables with their geometricals, would 
anſwer the purpoſes defired, as has been explained above. 

From this property, by aſtuming four quantities, two of them as 
two, terms in a geometrical ſeries, and the others as the two correſ- 
ponding terms of the arithmeticals, or artificials, or logarithms, it is 
evident that all the other terms of both the two ſeries may thence be 
generated, And therefore there may be as many ſets or ſcales of logar- 
ithms as we pleaſe, ſince they depend intirely on the arbitrary aſſump- 
tion of the firſt two arithmeticals. And all poſſible natural numbers 
may be ſuppoſed-to coincide with ſome of the terms of any geometrical 
progreſhon whatever, the logarithms or arithmeticals determining 
which of the terms in that progreſſion they are. 

It was proper however that the arithmetical ſeries ſhould be ſo aſ- 
ſumed, as that the term o in it might anſwer to the term 1 in the geo- 
metricals; otherwiſe the ſum of the logatithms of any two numbers 

would 
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would be always to be diminiſhed by the logarithm of 1, to give the 
logarithm of the product of thoſe numbers: for which reaſon, making 
o the logarithm of 1, and aſſuming any quantity whatever for the value 
of the logarithm of any one number, the logarithms of all other num- 
bers were thence to be derived. And hence, like as the multiplication 
of two numbers is effected by barely adding their logarithms, ſo divi- 
ſion is performed by ſubtracting the logarithm of the one from that 
of the other, raiſing of ers by multiplying the logarithm of the 

iven number by the index of the power, and extraction of roots by 

ividing the logarithm by the index of the root. It is alſo evident 
that, in all ſcales or ſyſtems of logarithms, the logarithm of o will be 
infinite ; namely, infinitely negative if the logarithms increaſe with 
the natural numbers, but infinitely poſitive if the contrary ; becauſe 
that while the geometrical ſeries muſt decreaſe through infinite divi- 
fions by the ratio of the progreſſion, before the quotient come to o or 
nothing; the logarithms, or arithmeticals, will in like manner un- 
dergo the correſponding infinite ſubtractions or additions of the com- 
mon equal difference ; which equal increaſe or decreaſe, thus inde- 
finitely continued, muſt needs tend to an infinite reſult. 

This however was no newly diſcovered property of numbers, but 
what was always well known to all mathematicians, being treated of 
in the writings of Euclid, as alſo by Archimedes, who made great 
uſe of it in his Arenarius, or treatiſe on the number of the ſands, 
namely, in affigning the rank or place of thoſe terms, of a geome- 
trical ſeries, produced from the multiplication together of any of 
the foregoing terms, by the addition of the "correſponding terms of 
the arithmetical ſeries, which ſerved as the indices or exponents of 
the former. And the reaſon why tables of theſe numbers were not 
ſooner compoſed, was, that the accuracy and trouble of trigonome- 
trical computations had not ſooner rendered them neceſſary. It is 
therefore not to be doubted that, about the cloſe of the ſixteenth and 
beginning of the ſeventeenth century, many perſons had thoughts of 
ſuch a table of numbers, beſides the few who are ſaid to have at- 
tempted it. | 

Longomontanus has, by ſome, been ſaid to have invented logarithms: 
but this cannot well be ſuppoſed to have been much more than in 
idea, fince he never publiſhed any thing of the kind, nor ever laid 
claim to the invention, though he lived thirty-three years after they 
were firſt publiſhed by baron 3 as he died only in 1647, when 
they had been long known and received all over Europe. Some cir- 
cumſtances of this matter are indeed related by Wood in his Atbena 
Oxonienſes, under the article Briggs, on the authority of Oughtred 
and Wingate, viz. That one Dr. Craig a Scotchman, coming out 
of Denmark into his own country, called upon Joh. Neper baron of 
Marcheſton near Edenburgh, _d told him among other diſcourſes of 
a new invention in Denmark (by Longomontanus as 'tis ſaid} to ſave 
the tedious multiplication and diviſion in aftronomical calculations. 
Neper being ſolicitous to know farther of him concerning this matter, 
he could give no other account of it, than that it was by * 

able 
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able numbers. Which hint Neper taking, he deſired him at his re- 
turn to call upon him again. Craig, after ſome weeks had paſſed, 
did ſo, and Neper then ſhewed him a rude draught of that he called, 
Canon mirabilis Logarithmorum. Which draught, with ſome altera- 
tions, he printing in 1614, it came forthwith into the hands of our 
author Briggs, and into thoſe of Will. Oughtred, from whom the 
relation of this matter came,” 

Kepler alſo ſays that one Juſte Byrge, aſſiſtant aſtronomer to the 
Iandgrave of Heſſe, invented, or projected, logarithms long before 
Neper did, but that they had never come abroad on account of the 

eat reſervedneſs of their author with regard to his own compoſitions. 
| os is alſo ſaid to have computed a table of natural fines for every 
two ſeconds of the quadrant. 

But whatever may have been ſaid or conjectured concerning any 
thing that may have bzen done by others, it is certain that the world 
is indebted, for the firſt publication of logarithms, to John Napier, 
or Nepair *, or in Latin, Neper, baron of Merchiſton, or Markinſton, 
in Scotland, who died the 3d of April 1618, at the age of 67 years. 
Baron Napier added conſiderable improvements to trigonometry, and 
the frequent numerical computations he performed in this branch, 
gave occaſion to his invention of logarithms, in order to ſave part of 
the trouble attending thoſe calculations; and for this reaſon he 

adapted his tables peculiarly to trigonometrical uſes. 

This diſcovery he publiſhed in 1614, in his book intituled Mirifici 
hogarithmorum canonis deſcriptio, reſerving the conſtruction of the num- 
bers till the ſenſe of the learned concerning his invention ſhould be 

known. And, excepting the conſtruction, this is a perfect work on 


* The origine of which name Crawfurd informs us was from a (leſs) peerk{ action of 
one of his anceſtors, viz. Donald, ſecond ſon of the earl of Lenox in the time of David the 
ſecond. Some Engliſh writers, miftaking the import of the term bn, having called 
this celebrated perſon lord Napier, a ſcotch nobleman. He was not indeed a peer of 
Scotland; but the peerage of Scotland informs us, that he was of a very antient, honour- 
able, and illuſtrious family; that his anceſtors, for many generations, had been poſſeſſed of 
ſundry baronies, and, among others, of the barony of Merchiſtoun, which deſcended to 
kim by the death of his father in 1608. Mr. Briggs, therefore, very properly ſtiles him 

Baro Merchiftoni. Now, according to Skene, de verborwm fienificetione. In this realm (of 
Scotland) he is called an Barrone, quha haldis his landes immediatelie in chiefe of the 
king, and hes power of Pit and Gallows; Fofſa« Furca ; quhilk was firſt inſtitute and granted 
be king Malcolme, quha gave power to the Barrones to have ane Pit, quhairin wemen 
condemned for thieft ſuld be drowned, and ane Gallows, whereupon men thieves and 
treſpaſlowres, ſuld be hanged, conforme to the doome given in the Barron Court there- 
anent.” So that a Scotch baron, though no peer, was nevertheleſs a very conſiderable 
perſonage, both in dignity and power.” Kid's Eſſay on Logar:thms—The name of the illuſ- 
trious inventor of logarithms, and his family, has been variouſly written at different 
times, and on different occaſions. In his own Latin works, and in (perhaps) all other 
books in Latin, it is Neper, or Neperus Baro Meychiftonii : By Briggs, in a letter to Archbi- 
ſhop Uſher, he is called Naper, lord of Markinflon : In Wright's tranſlat ion of the logarithms, 
which was reviſed by the author himſelf, and publiſhed in 1616, he is called Nepair, baron | 
of — and the ſame by Crawfurd and ſome others: But M'Kenzy and others 
write it Napier, baron of Merchiſlon ; which, being alſo the orthography now uſed by the 
family, 1 ſhall adopt in this work. I obſerve alſo that the Scotch Compendium of Ho- j 
nour ſays he was only Sir John Napier, and that his ſon and heir, Archibald, was the firſt 
lord, being raiſed to that dignity in 1626. Be this however as it may, 1 ſhall conform 
to the common modes of expreſſion, and call him indifferently laren Napier or brd wm 1. 
| 18 
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this kind of logarithms, containing in effect the logarithms of all num- 
bers, and the logarithmic fines, tangents, and ſecants for every minute 
of the quadrant, together with the deſcription and uſes of the tables, 
as alſo his definition and idea of logarithms. 2 
Napier explains his notion of logarithms by lines deſeribed or ge- 
nerated by the motion of points, in this manner: He firſt conceives a 
line to be generated by the equable motion of a point, which paſſes over 
equal portions of it in equal ſmall moments or portions of time : he then 
conſiders another line as generated by the unequal motion of a point, in 
ſuch manner, that, in the aforeſaid equal moments or portions of 
time, there may be deſcribed or cut off, from a given line, parts which 
ſhall be continually in the ſame proportion with the reſpective remain- 
ders, of that line, which had before been left: then are the ſeveral | 
lengths of the firſt line, the logarithms of the correſponding” parts of 
the latter. Which deſcription of them is ſimilar to this, that the log- 
arithms are a ſeries of quantities or numbers in arithmetical progreſ- 
fion, adopted to another ſeries in geometrical progreſſion. The firſt 
or whole length of the line, which is diminiſhed in goemetrical .pro- 
greſſion, he makes the radius of a circle, and its logarithm © or no- 
thing, repreſenting the beginning of the firſt or arithmetical line ; 
and the ſeveral proportional remainders of the geometrical line, are 
the natural ſines of all the other parts of the quadrant decreaſing down 
to nothing, while the ſucceſſive increaſing values of the arithmetical 
line, are the correſponding logarithms of thoſe decreaſing fines. ſo that 
while the natural fines decreaſe from radius to nothing, their logarithms 
increaſe from nothing to infinite. Napier made the logarithm of radius 
to be o, that he might ſave the trouble of adding and ſubtracting it 
in trigonometrical proportions, in which it ſo frequently occurred; 
and he made the logarithms of the fines, from the intire quadrant down 
to o, to increaſe, that they might be poſitive, and ſo in his opinion 
the eaſier to manage, the fines being of more frequent uſe than the 
tangents and ſecants, of which the whole of the Tan and half the 
former would, in his way, be of a different affection from the fines ; 
for it is evident that the logarithms of all the ſecants in the quadrant, 
and of all the tangents above 45, or the half quadrant, would be ne- 
gative, being the logarithms of numbers greater than the radius, whoſe 
logarithm is made equal to © or nothing. | 
As to the contents of Napier's table; it conſiſts of the natural fines 
and their logarithms, for every minute of the quadrant. Like moſt 
other tables, the arcs are continued to 45 degrees from top to bottom 
on the left-hand fide of the pages, and then returned backwards from 
bottom to top on the right hand fide of the pages: ſo that the arcs and 
their complements, with the fines, natural and logarithmic, ſtand on 
the ſame line of the page, in fix columns; and in another column, in 
the middle of the page, are placed the differences between the loga- 
rithmic fines and coſines, on the ſame lines, and in the adjacent co- 
lumns on the right and left; thus making in all ſeven columns in 
each page. Of theſe columns, the firſt and ſeventh contain the arc 
and its complement, in degrees and minutes; the ſecond and ſixth, the 
natural fine and coſine of each arc ; the third and fifth, the lagarithmic 
fine 
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ſine and coſine; and the fourth, or middle column, the difference be- 
tween the logarithmic fine and coſine which are in the third and fifth 
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columns. : 
To elucidate the deſcription, the firſt page of the table is here in- 
Gr. © - . + on Y . = = 
min | Sinus |[Logarithmi | Differentia | Logarithmi || Sinus | 
'© ol Iafinitum | Infinitum |} - © || 10000000] 60 
I 2 8142568r | 81425680 I [|[10000000] 59 
2 | 58181 74494213 | 74494211 2 || 9999993] 58 
3 | B8727|| 790439560 | 70439560 4 || 9999999] 5 
4 116360 67562746 | 67562739 7 || 9999993] 56 
$_| 14544\}_ 65331315 | 65331304 11 || 9999989] 55 
6 174530 63508099 | 63508083 16 || 9999984| 54 
7 203620 61966595 | 61966573 2299999800 53 
8 232710 60631284 | 60631256 28 || 9999974] 52 
9 26189 59453453 | 59453418 35 9999967 51 
10 | 29088|| 58399857 | 58399814 43 || 9999959] 50 
tr | 319971] 57440759 | 57446707 52 || 9999950| 49 
12 | 34906|| 56576646 | 56576584 62 || 9999949] 4 
13 | 37815] 55776222 | 55776149 73 || 9999928] 4 
14 | 49724] 55035148 | 55035004 84 11 9999917] 4 
15 436320 54345225 | 54345129 96 99999050 45 
16 46541 53699843 | 53099734 109 || 9999892] 44 
17_| 49450} 53093600 | 53093577 123 [| 9999878] 43_ 
18 | 52359|| 52522019 | 52521881 138 || 9999863] 42 
19 | 552681] 51981356 | 51981202 154 || 9999847] 41 
20 98177 84468431 | 51468361 170 || 9999831] 40 
21 | 61086] 50980537 | 50980450 187 || 9999813] 39 
22 | 63995]] 50515342 | 50515137 27 9999795} 3 
23 | 66904/["50070827 | 50070603 224 || 9999770] 37_ 
24 | 69813|| 49645239 | 49044995 244 || 9999756| 36 
25 72721 49237030 | 49236765 265 [99997360 35 
26 | 756301| 48844826 | 48844539 287 || 9999714] 34 
27 | 78539]] 48467431 | 48467122 309 || 9999692} 33 
28 | $1448|} 48103763 | 48103431 332 9999668 32 
29 | 84357If 47752859 | 47752503 | 356 || 9999644] 31 
30 [ 872651| 47413852 | 47413471 | 381 || 9999619] 30 
| 4 
Gr. o 


Beſides the columns which are actually contained in this table, as 
above exhibited and deſcribed, namely, the natural and logarithmic 
fines, and the differences of theſe, the ſame table is made to ſerve alſo 
for the logarithmic tangents and ſecants of the whole quadrant, and 
for the logarithms of common numbers. For, the fourth or middle 
column contains the logarithmic tangents, being equal to the diffe- 
rences between the logarithmic ſines and cofines when the logarithm 
of radius is o, becauſe coſine ; line ; ; radius; tangent, chat is, 
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in logarithms, tangent = ſine — coſine, Alſo the logarithmic fines 
made negative become the „ 03m = 74 coſecants, and the logarithmic 
coſines made negative are the logarithmic ſecants; becauſe fine : radius: : 
radius: coſecant, and coſine : radius: : radius: ſecant; that is, in 
logarithms, coſecant = © — ſine = — fine, and ſecant o — co- 
fine = — coſine. And to make it anſwer the purpoſe of a table of 
logarithms of common numbers, the author directs to 2 thus: 
A number being given, find that number in any table of natural 
ſines, or tangents, or ſecants, and note the degrees and minutes in its 
arc; then in his table find the correſponding logarithmic fine, or tan- 
gent, or ſecant, to the ſame number of degrees and minutes; and it 
will be the required logarithm of the given number, 

After his definitions and deſcription of logarithms, Napier explains 
his table, and illuſtrates the precepts with examples, ſhewing how to 
take out the logarithms of fines, tangents, ſecants, and of common 
numbers; as alſo how to add and ſubtract logarithms. ' He then pro- 
ceeds to teach the uſes of thoſe numbers; and firſt, in finding any 
of the terms of three or four proportionals, ſhewing how to multiply 
and divide, and to find powers and roots, by logarithms: 2dly, ia 
trigonometry, both plane and ſpherical, but eſpecially the latter, in 
which he is very explicit, turning all the theorems for every caſe 
into logarithms, computing examples to each in numbers, and then 
enumerating a ſet of aſtronomical problems of the ſphere which pro- 
perly belong to each cafe, Napier here teaches alſo ſome new theo- 
rems in ſpherical trigonometry, particularly that the tangent of half 
the baſe : tang. I ſum legs: : tang. f dif. legs: tang. + the alternate 
baſe; and the general theorem for what are called his five circular 
parts, by which he condenſes into one rule, in two parts, the theo- 
rems for all the caſes of right-angled ſpherical triangles, which had 
been ſeparately demonſtrated by Pitiſcus, Lanſbergius, Copernicus, 
Regiomontanus, and others. 

The deſcription and uſe of Napier's canon being in the Latin lan- 
guage, they were tranſlated into Engliſh by Mr. Edward Wright, 
an ingenious mathematician, and inventor of the principles of what 
has commonly, though erroneouſly, been called Mercator's failing. 
He ſent the tranſlation to the author, at Edinburgh, to be reviſed by 
him before publication; who, having carefully peruſed it, returned 
it with with his approbation, and a few lines introduced beſides into 
the tranſlation. But, Mr. Wright dying ſoon after he received it 
back, it was after his death publiſhed, together with the tables, but 
each number to one figure leſs, in the year 1616, accompanied with a 
dedication, by his ſon Samuel Wright, to the Eaſt-India Company, 
as alſo a preface by Henry Briggs, of whom we ſhall preſently have 
occaſion to ſpeak more at large, on account of the great ſhare he 
bore in perfelting the logarithms. In this tranſlation Mr. Bri ave 
alſo the defcription and draught of a ſcale that had — by Mr. 
Wright, and ſeveral other methods of his own, for finding the pro- 
portional parts to intermediate numbers, the logarithms having been 
only printed for ſuch . as were the natural ſines of each mi- 

j 2 . nute, 
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nute. And the note which baron Napier inſerted in this Engliſh edi- 


tion, and which was not in the original, was as follows: But be- 
« cauſe the addition and ſubtraction of theſe former numbers ma 
« ſeem ſomewhat painfull, I intend (if it ſhall pleaſe God) in a ſecond 
« edition, to ſet out ſuch logarithms as ſhall make thoſe numbers 
& above written to fall upon — numbers, ſuch as 100000000, 
% 200000000, 300000000, &c. which are eaſie to be added or abated 
c to or from any other number.” This note had reference to the 
alteration of the ſcale of logarithms in ſuch manner, that 1 ſhould 
become the logarithm of the ratio of 10 to 1, inſtead of the number 
23025851, which Napier had made that logarithm in his table, and 
which alteration had before been recommended to him by Briggs, as 
we ſhall ſee preſently. Napier alto inſerted a fimilar remark in his 
Rabdil-gia, which he printed at Edinburgh in 1617. 

The following is the preface to Wright's book, which, as far as 
where it mentions the change from the Latin into Engliſh, ts a literal 
tranſlation of the preface to Napier's original ; but what follows that, 
is added by Napier himſelf. And I willingly inſert it here, as it con- 
tains a declaration of the motives which led to this diſcovery, and as 
the book itſelf is very ſcarce. Seeing there is nothing, (right well 
beloved ſtudents in the mathematics) that is ſo troubleſome to Mathe- 
maticall practiſe, nor that doth more moleſt and hinder Calculators, 
then the Multiplications, Diviſions, 1quare and cubical Extractions 
of great numbers, which beſides the tedious expence of time, are, for 
the moſt part ſubject to many ſlippery errors. I began therefore to 
conſider In my minde, by what certaine and ready Art I might remove 
thoſe hindrances, And having thought upon many things to this pur- 
poſe, I found at length ſome excellent briefe rules to be treated of 
(perhaps) hereafter. But amongſt all, none more profitable then this, 
which together with the hard and tedious Multiplications, Diviſions, 

and 


ht 


* Of this ingenious man 1 ſhall here inſert in a note the following memoirs, as they 
have been tranſlated from a Latin piece taken out of the annals of Gonvile and Caius 


College in Cambridge, viz. © This year (1615) died at London Edward Wright of Gar- 


veſton in Norfolk, formerly a fellow of this college; a man reſpected by all for the inte- 
grity and fimplicity of his manners, and alſo famous for bis ſkill in the mathematical 
ſciences: Inſomuch that he was deſervedly ftiled a moſt excellent mathematician by 
Richard Hackluyt, the author of an original treatiſe of our Engliſh navigations. What 
knowledge he had acquired in the ſcience of mechanics, and how uſefully he employed 
that knowledge to the public as well as private advantage, abundantly appear both from 
the writings he publiſhed, and from the many mechanical operations till extant, which 
are ſianding monuments of his great induſtry and ingenuity. He was the firſt undertaker 
of that difficult but uſeful work, by which a little river is brought from the town of Ware 
in a new Canal, to ſupply the city of London with water; but by the tricks of others he 
was hindered from compleating the work he had begun. He was excellent both in con- 
trivance and execution, nor was he inferior to the moſt ingenious mechanic in the making 
of inſtruments, either of braſs or any other matter. To his invention is owing whatever 
advantage Hondius's geographical charts have above others; for it was our Wright that 
taught JodocusHondius the method of conſtructiug them which was till then unknown; 
but the ungrateful Hondius concealed the name of the true author, and arrogated the 
glory of the invention to himſelf, Of this fraudulent practice the good man could not 
help complaining, and juſtly enough, in the preface to his treatiſe of the Correction of 
Errors in the Art of Navigation; which he compoſed with excellent judgment, and after 
long experience, to the great advancement of naval affairs. For the improvement of 
. this 
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and Extractions of rootes, doth alſo caſt away from the worke it ſelfe, 
even the very numbers themſelves that are to be multiplied, divided, 
and reſolved into rootes, and putteth other numbers in their place, 
which performe as much as they can do, onely by Addition and Sub- 
traction, Diviſion by two, or Diviſion by three; which ſecret inven» 
tion, being (as all other good things are) ſo much the better as it ſhall 
be the more common; I thought good heretofore to ſet forth in La- 
tine for the publique uſe of — But now ſome of our 
Countrymen in this Iſland well affected to theſe ſtudies, and the more 
publique good, procured a moſt learned Mathematician to tranſlate 
the ſame into our vulgar Engliſh tongue, who after he had finiſhed 
it, ſent the Coppy of it to me, to bee ſeene and conſidered on by myſelf. 
I having moſt willingly and gladly done the ſame, finde it to bee moſt 
exact and preciſely conformable to my minde and the originall. There- 
fore it may pleaſe you who are inclined to theſe ſtudies, to receive it 
from me + 1 the Tranſlator, with as much good will as we recom- 
mend it unto you. Fare yee well.” 

There are alſo extant copies of Wright's “ tranſlation with the date 
1618 in the title; but this is not properly a new edition, but only the 
old work with a new title page adapted to it (the old one being can- 
celled), together with the addition of ſixteen pages of new matter, 
called An appendix to the Logarithms, ſhewing the practice of the 
calculation of triangles, and alſo a new and ready way for the exact 
findingoutof ſuch lines and logarithmes as are not preciſely to be found 
in the canons.” But we are not told by what author: probably it 
was by Briggs. 

Beſides the trouble attending Napier's canon, in finding the propor- 
tional parts, when uſed as a table of the logarithms of common num- 
bers, and which was in part remedied by the fore-mentioned contri- 
vances of Wright and Briggs, it was alſo accompanied with another 
inconvenience, which aroſe from the logarithms being ſometimes + 
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this art he was appointed mathematical lecturer by the Eaſt India Company, and read 
lectures in the houſe of that worthy knight Sir Thomas Smith, for which he had a yearly 
ſalary of 0 pounds. This office he diſcharged with great reputation, and much to the 
ſatisfaction of his hearers. He publiſhed in Engliſh a book on the doctrine of the ſphere, 
and another concerning the conſtruction of ſun-dials. He alſo prefixed an ingenious pre · 
face to the learned Gilbert's book on the load-ftone. By theſe and other his writings, he 
has tranſmitted his fame to lateſt poſterity. While he was yet a fellow of this college, he 
could not be concealed in his private ſtudy, but was called forth to the public buſineſs of 
the kingdom, by the queen's majeſty, about the year 1593. He was ordered to attend the 
earl of Cumberland in ſome maritime expeditions. One of theſe he has given a faithful 
account of, in the way of a journal or ephemeris, to which he has prefixed an elegant hy- 
drographical chart of his own contrivance, A little before his death he employed him- 
ſelf about an Engliſh tranſlation of the book of logarithms, then lately found out by the 
honourable baron Napier, a Scotchman, who had a great affection for him. This poſthu- 
mous work of his was publiſhgd ſoon after, by his only ſon Samuel Wright, who was alſo a 
ſcholar of this college. He had formed many other uſeful deſigns, but was hindered by death 
from bringing them to perfection. Of him it may be truly ſaid, that he ſtudied more to 
ſerve the public than himſelf; and though he was rich in fame, and in the promiſes of the 
great, yet he died poor, to the ſcandal of an ungrateful age.” 
Other anecdotes of him, as well as many other mathematical authors, may be found 
in the curious hiſtory of navigation by Dr. James Wilſon, prefixed to Mr. Robertſon's 
excellent treatiſe on that ſubject. | | 
or 
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or additive, and ſometimes — or negative, and which required there» 
fore the knowledge of algebraic addition and ſubtraction. And this 
inconvenience was occaſioned partly by making the logarithm of 
radius to be ©, and the fines to decreaſe, and partly by the compen- 
dious manner in which the author had formed the table; making the 
three columns of fines, coſines and tangents, to ſerve alſo for the other 
three of coſecants, ſecants, and cotangents. . | 

But this latter inconvenience was well remedied by John Speidell 
in his New Logarithms, firſt publiſhed in 1619, which contained all 
the ſix columns, and in this order; fines, coſines, tangents, cotan- 

nts, ſecants, coſecants: and they were beſides made all poſitive, by be- 
ing taken the arithmetical complements of Napier's, that is, they were 
the remainders left by ſubtracting each of theſe latter from 10000000, 
And the former inconvenience was more effectually removed by the 
faid Speidell, in an additional table, given in the fxth impreſſion of 
the former work, in the year 1624. This was a table of Napier's 
logarithms for the round or integer numbers 1, 2, 3, 4, 5, &c, to 1000, 
together with their differences and arithmetical complements ; as alſo 
the halves of the ſaid logarithms, with their differences and arithme- 
tical complements; which halves conſequently were the logarithms 
of the ſquare roots of the ſaid numbers. Theſe logarithms are how- 
ever a little varied in their form from Napier's, namely, ſo as to increaſe 

From 1, whoſe logarithm is o, inſtead of decreaſing o 1, or radius, 
whoſe logarithm Napier made © likewiſe ; that is, Speidell's logarithm 
of any number u, is equal to Napier's logarithm of its reciprocal & : 
So that in this laſt table of Speidell's, the logarithm of 1 being o, the 
fogarithm of 10 is 2302584, the logarithm of 100 is twice as much or 
4605168, and that of 1000 thrice as much or 6907753. 

This table is now commonly called hyperbolic logarithms, becauſe 
the numbers expreſs the areas between the aſymptote and curve of the 

perbola, thoſe areas being limited by ordinates parallel to the other 
aſymptote, the ordinates decreaſing in goemetrical progreſſion. But 
this is an improper method of denominating them, as ſuch areas may 
be made to denote any ſyſtem of logarithms whatever, as we ſhall ſhew 
more at large in the proper place. 

In the year 1619, Robert Napier, fon of the inventor of logarithms, 
publiſhed a new edition of his late father's Logarithmorum Canonts 
Deſcript io, together with the promiſed Logarithmorum Canonis Con- 
Aructio, and other miſcellaneous pieces written by his father and Mr. 
Briggs.—Alſo one Bartholomew Vincent, a bookſeller at Lugdunum, 
or Lyons, in France, printed there an exact copy of the ſame two 
works in one volumn, in the year 1620; which was four years be- 
fore the logarithms were carried to France by Wingate, who was there- 

fore erroneouſly ſaid to have firſt introduced them into that country. 
But I ſhall treat more particularly of the contents of this work after 
I have enumerated the other writers on this ſort of logarithms. 

In 1618 or 1619, Benjamin Urſinus, mathematician to the Elector 
of Brandenburg, publiſhed, at Cologn, his Curſus Mathematicus, in 
which is contained a copy of Napier's logarithms, with the 3 

| O 
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of ſome tables of proportional parts. And in 1624 he printed at the 
ſame place, his Tr:gonometria, with a table of natural fines and their 
logarithms, of the Napierian kind and form, to every ten ſeconds in 
the quadrant; which he had been at much pains in computing. 

In the ſame year 1624, logarithms, of nearly the ſame kind, were 
alſo publiſhed, at Marpurg, by the famous John Kepler, mathemati- 
cian to the Emperor Ferdinand the ſecond, under the title of Chilias 
Logariibmorum ad Totidem Numeros Rotundos, præmiſſa Demonſ/tratione 
legitima Ortus Logarithmorum eorumque Uſus, &c. and the year follow- 
ing, 2 ſupplement to the ſame; being applied to round or integer 
numbers, and to ſuch natural fines as nearly coincide with them. 
Theſe are exactly the ſame ſort of 8 as Napier's, being the 
ſame logarithms of the natural fines of arcs beginning from the quad- 
rant, whoſe ſine or radius is 10000000, the logarithm of which is 
made o, and from thence the fines decreaſing by equal differences, 
down to ©, or the beginning of the quadrant, whilſt their logarithms 
increaſe to infinity. So that the difference between this table and 
Napier's conſiſts only in this, namely, that in Napier's table the arcof 
the quadrant is divided into equal parts, differing by one minute each, 
and conſequently their fines, to which the logarithms are adapted, are 
irrational or interminate numbers, and only expreſſed by approximate 
decimals ; whereas in Kepler's table, the radius is divided into equal 
parts, which are conſidered as perfect and terminate fines, having 
equal differences, and to which terminate fines the logarithms are 
here adapted. By this means indeed the proportions for intermediate 
numbers and logarithms are eaſter made, but then the correſponding 
arcs are not terminate, but irrational, and only ſet down to an ap- 
proximate degree. So that Kepler's table is more convenient as a 
table of the logarithms of comman numbers, and Napier's as the loga- 
rithmic fines of the arcs of the quadrant. In both tables the logarithm 
of the ratio of 10 to 1, is the ſame quantity, namely 23025852; and 
as the radius, or greateſt fine, is 10000000, whoſe — is made 
o, the logarithms of the decuple parts of it will be found by adding 
23025852 continually, or multiplying this logarithm by 2, 3, 4, &c. 
and hence the logarithm of 1, the firſt number, or ſmalleſt fine, in the 
table, is 161180959, or 7 times 2302 &c. 

Beſides the two columns of the natural fines and their logarithms, 
with the differences of the logarithms, this table of Kepler's conſiſts 
alſo of three other columns ; the firſt of which contains the neareſt 
arcs, belonging to thoſe fines, expreſſed in degrees, minutes and ſe- 
conds ; and the other two expreſs what parts of the radius each fine 
is equal to, namely, the one of them in 24th parts of the radius, and 
minutes and ſeconds of them ; and the other in 6oth parts of the ra- 
dius, and minutes of them. As a ſpecimen I have here extracted the 
| jaſt page of the table, printed exactly as in the work. 
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32 
Accus inus |} Partes vice- — . Partes | 
Circuli cum ſe numerl | ſimz quartz, |cumdifferentiis}ſexagenari 
differentiis. abſoluti. | 
— ky 34. — 101.538 
80. 3. 4698500. 00023. 38. 24] 1511.36 T 59. 6 
| 20 12 ' 101. 47 
80. 23. 58 | 98600. 00023. 39. 500 1409.89+| 59. 10 
2. 53 | 10 1. 37 | 
80. 44+ 51 | 98700.00/23. 41. 17 1308.52 T 59. 13 
| 21 42 10 1. 2 6 
| Br. 6. 3398800. oo 23. 42. 43] 1207.26 | 59. 17 
— — — * 01. 17 
8r. 29. 2698900. oo 3. 44. 10] 1106.09 7 59. 20 
| 24 6 101. 06 | 
81. 53- * 99000. 00[23, 45. 36] 1005. 37 59. 24 
2 f. ——— r00.96 | 
82. 18. 38 | 99100. 002 3z. 47. 2 904.07 59. 28 
2 6. 28 100. 85 
82. 45. 699200. 00023. 48. 29] 803.227 59. 31 
2 7. $54 ä 100. 76 | 
83. 13- 0 | 99390-0023: 49. 55] 702.46 | 59. 35 | 
30. 20 T ©0, 6 5 | 
| 83 43. 20 | 99400.00/23. 51. 22] 61.31 | 59- 38 
2 22. 40 loo. 5 —— 
84. a4 O | 99500.00/23. 52. 40 501.25 TJ 59. 42 
32 too. 45 
84. 52. 30 | 99600.00/23. 54. 144 400.80 | 59. 46 
#0. 1. 9 100. 35 — — — 
85. 37 39 | 99700-0023 58. 4 300-45 9 49 
. OO. | 
86. 22. 33 99800. oo 23. 57 7 200.20 59. 53 
„ Þ 4142 — 100. 15 
87. 26. 15 | 99900. 00023. 58. 34 100.0 59. 56 
2 33 145 100.05 2. 
g0. O. © [100000.00/24. ©. 00 | bo. © 


To the table Kepler prefixes a pretty conſiderable tract, containing 
the conſtruction of the logarithms, and a demonſtration of their pro- 
perties and ſtructure, in which he conſiders logarithms, in the true and 
all be ſhewn more par- 
ticularly hereafter in the next part, where I ſhall treat of the conſtruc- 
tion of logarithms. 

Kepler alſo introduced the logarithmic calculus into his Rudolphine 
tables, publiſhed in 1627; and inſerted in that work ſeveral logarith- 
mic tables; as firſt, a table ſimilar to that above deſcribed, except 
that the ſecond, or column of fines, or of abſolute numbers, is omitted, 
and inſtead of it another column is added, ſhewing what part of the 
quadrant each arc is equal to, namely the quotient, expreſſed in in- 
tegers and ſexageſimal parts, ariſing from the dividing the whole 
3 by each given are; 2dly, Napier's table of logarithmic 

ines to every minute of the quadrant ; alſo two other ſmaller tables 


Jegitimate way, as the meaſures of ratios, as 


- adapted for the purpoſes of eclipſes and the latitudes of the planets.—. 


In this work alſo Kepler gives a ſummary account of logarithms, with 


the 
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the deſcription and uſe of thoſe that are contained in theſe tables. 
And here it is that he mentions Juſtus Byrgius, as having had loga- 
rithms before Napier publiſhed them. 

Beſides the above, ſome few others publiſhed logarithms of the ſame 
ſort about this time. But let us now return to treat of the hiſtory of 
the common or Brigg's logarithms, ſo called becauſe he firſt com- 

uted them, and firſt mentioned them, and recommended them to 
— inſtead of the firſt ſort by him invented. 

Mr. Henry Briggs, not leſs eſteemed for his great probity and other 
eminent virtues, than for his excellent ſkill in mathematics, was, at 
the time of the publication of Napier's logarithms, in 1614, profeſſor 
of geometry in Greſham college in London, having been appointed 
the firſt profeſſor after its inſtitution ; which appointment he held till 
January 1620, when he was choſen, alſo the firſt, Savilian profeſſor 
of geometry at Oxford, where he died January the 26th, 1532, aged 
about 74 years. 

On the publication of Napier's logarithms, Briggs immediately ap- 
plied himſelf to the ſtudy and improvement of them. In a letter to 
Mr. (afterwards archbiſhop) Uſher, dated the 1oth of March 1615, 
he writes „that he was wholly taken up and employed about the noble 
invention of logarithms lately diſcovered.” And again, © Napier 
lord of Markinfton hath ſet my head and hands at work with his new 
and admirable logarithms; I hope to ſee him this ſummer, if it pleaſe 
God ; for I never ſaw a book which pleafed me better, and made me 
more wonder.” Thus we find that Briggs began very early to com- 
pute logarithms : but theſe were not of the ſane kind with Napier's, 
in which the logarithm of the ratio of 10 to 1 was 23025851 &c. for 
in Brigg's firſt attempt he made 1 the logarithm of that ratio; and, 
from the evidence we have, he appears to be the firſt perſon who 
formed the idea of this change in the ſcale, which he preſently and 
22 communicated both to the public in his lectures, and to 

ord Napier himſelf, who afterwards faid that he alſo had thought of 
the ſame thing; as appears by the following extract, tranſlated from 
the preface to Briggs's Arithmetica Legarithmica; Wonder not, ſays 
he, that theſe logarithms are different from thoſe which the excellent 
baron of Marchiſton publiſhed in his Admirable Canon. For when I 
explained the doctrine of them to my auditors at Greſham College in 
London, I remarked that it would be much more convenient, the lo- 
garithm of the ſine total or radius being o (as in the Canon Mirificus), 
if the logarithm of the 10th part of the ſaid radius, namely of 59 447 
21% were 100000 &c. and concerning this I preſently wrote to the 
author ; alſo as ſoon as the ſeaſon of the year and my public teach- 
ing would permit, I went to Edinburgh, where being kindly received 
by him, I ſtaid a whole month. But when we began to converſe 
about the alteration of them, he ſaid that he had formerly thought of 
it and wiſhed it; but that he choſe to publiſh thoſe that were already 
done, till ſuch time as his leiſure and health would permit him to make 
others more convenient. And as to the nature of the change, he 


thought it more expedient that © FTE be made the logarithm of 1, 
| and 
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and 10c000 &. the logarithm of radius, which I could not but ack- 
nowledge was much better. Therefore, rejecting thoſe which I had 
before prepared, I proceeded at his exhortation to calculate theſe; and 
the next ſummer I went again to Edinburgh, to ſhew him the prin- 
cipal of them: and ſhould have been glad to do the ſame the third 
ſummer, if it had pleaſed God to ſpare him ſo long.” 

So that it is plain that Briggs was the inventor of the preſent ſcale 
of logarithms, in which 1 is the logarithm of the ratio of 10 to 1, 
and 2 that of 100 to 1, &c. and that the ſhare which Napier had in 
them, was only adviſing Briggs to begin at the loweſt number 1, and 
make the logarithms, or artificial numbers, as Napier had alfo called 
them, to increaſe with the natural numbers inſtead of decreaſing ; 
which made no alteration in the figures that expreſſed Briggs's loga- 
rithms, but only in their affection or ſigns, changing them from ne- 
gative to poſitive ; ſo that Briggs's firſt logarithms 


to the\numbers in the ſecond column of the annex- I Num N 
ed tablet, would have been as in the firſt column; 

but after they were changed, as they are here in the | = | 10" |—x 
third column; which is a change of no eſſential dif- 3 [001 3 
ference, as the logarithm of the ratio of 10 to x, the | 2 | *21 |—2 
radix of the natural ſyſtem of numbers, continues | * | ** JE 
the ſame, a change in the logarithm of that ratio be- | ®| ' | 
ing the only circumſtance that can effentially alter |_, 3 = | 
the ſyſtem of logarithms, the logarithm of 1 being o. 3 [1000 | 
And the reaſon why Briggs, after that interview, | 2 
rejected what he had before done, and began anew, - 1 


was probably becauſe he had adapted his new loga- ; 
rithms to the approximate fines of arcs, inſtead of the round or in- 
teger numbers, and not from their being logarithms of another ſyſtem, 
as were thoſe of Napier. 

On Briggs's return from Edinburgh to London the ſecond time, 
namely in 1617, he printed the firſt thouſand logarithms, to eight 
places of figures beſides the index, under the title of Logarithmorum 
Chilias prima. But theſe ſeem not to have been publiſhed till after 
the death of Napier, which happened on the third of April 1618, as 
before-ſaid ; for in the preface to them Briggs ſays, ©* why theſe loga- 
rithms differ from thoſe ſet forth by their moſt ill uſtrious inventor, of 
ever reſpectful memory, in his Canon Mirificus, Ir 18 TO BE HOPED 
his poſthumous work will ſhortly make appear.” And as Napier, af- 
ter communication had with Briggs on the ſubject of altering the 
ſcale of logarithms, had given notice, both in Wright's tranſlation, 
and in his own Rabdologia, printed in 1617, of his intention to alter 
the ſcale (though it appears very planely that he never intended to 
compute any more), without making any mention of the ſhare which 
Briggs had in the alteration, this gentleman modeſtly gave the above 
hint, But not finding an _ paid to it in the ſaid poſthumous 
work, publiſhed by lord Napier's fon in 1619, where the alteration is 
again adverted to, but ſtill without any mention of Briggs; this gen- 
tleman thought he could not do leſs than ſtate the grounds of that al- 
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teration himſelf, as they are above extracted from his work publiſhed 
in 1624. 

Thus, upon the whole matter, it ſeems evident that Mr. Briggs, 
whether he had thought of this improvement in the conſtruction of 
logarithms, of making 1 the logarithm of the ratio of 10 to 1, before 
lord Napier, or not, (which is a ſecret that could be known only to 
Napier himſelf), was the firſt perſon who communicated the idea of 


ſuch an improvement to the world; and that he did this in his lec- 


tures to his auditors at Greſham College in the year 1615, very ſoon 
after his peruſal of Napier's Canon Mirificus 3 in the 
year 1614. He alſo mentioned it to Napier, hoth by letter in the 
ſame year, and on his firſt viſit to him in Scotland in the ſummer of 
the year 1616, when Napier approved the idea, and ſaid it had already 
occured to himſelf, and that he had determined to adopt it. It would 
therefore have been more candid in lord Napier to have told the world 
in the ſecond edition of this book, that Mr. Briggs had mentioned 


this improvement to him, and that he had thereby been confirmed 


in the reſolution he had already taken, before Mr. Briggs's commu- 
nication with him, to adopt it in that his ſecond edition, as being 
better fitted to the decimal notation of arithmetic which was in gene- 
ral uſe. Such a declaration would have been but a piece of juſtice 
to Mr. Briggs; and the not having made it, cannot but incline us to 
ſuſpect that Jord Napier was deſirous that the world ſhould aſcribe to 
him alone the merit of this very uſeful improvement of the loga- 
rithms, as well as that of having orizinally invented them; though, 
if the having firſt communicated an invention to the world be ſuffici- 
ent to intitle a man to the honour of having firſt invented it, Mr. 
Briggs had the better title to be called the firſt inventor of this happy 
improvement of logarithms, 

In 1620, two years after the Chilias Prima of Briggs came out, 
Mr. Edward Gunter publiſhed his Canon of Triangles, which contains 
the artificial or logarithmetic fines and tangents, for every minute, to 
ſeven places of figures, beſides the index, the logarithm of radius be- 
ing 10'0 &c. Theſe logarithms are of the kind laſt agreed upon by 
Napier and Briggs, and they were the firſt tables of logarithmic fines 
and tangents that were publiſhed of this fort. Gunter alto in 1623 
eine! the ſame in his book De Sectere et Radio, together with the 
Chilias Prima of his old colleague Mr. Briggs, he being profeſſor of 
Aſtronomy at Greſham college when Briggs was profeſtor of Geo- 
metry there, Gunter having been elected to that office the fixth of 
March 1619, and enjoyed it till his death, which happened on the 
tenth of December 1626, about the forty-fifth year of his age. In 
1623 alſo Gunter applicd theſe logarithms of numbers, fines and tan- 
gents, to ſtraight lines drawn on a ruler; with which proportions in 
common numbers and trigonometry were reſolved by the mere appli- 
cation of a pair of compaſles; a method founded on this property, that 
the logarithms of the terms of equal ratios are equidifferent. This 
inſtrument, in the form of a two-foot ſcale, is now in common uſe 
tor navigation and other * and is commonly called the Gun- 
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ter. He alſo greatly improved the ſector for the ſame uſes. Gunter 
was the firſt who uſed the word co-/ine for the fine of the complement 
of an arc, He alſo introduced the uſe of arithmetical complements 
into the logarithmical arithmetic, as is witneſſed by Briggs, chap. xv. 
Arith. Log. And it has been ſaid that he ſtarted the idea of the 
logarithmic curve, which was fo called becauſe the ſegments of its 
axis are the logarithms of the correſponding ordinates. 

The logarithmic lines were afterways drawn in various other ways. 
In 1627 they were drawn by Wingate, on two ſeparate rulers, ſliding 
againſt each other, to ſave the uſe of compaſſes in reſolving propor- 
tions. They were alſo in 1627 applied to concentric circles, by 
Oughtred. Then in a ſpecial form by a Mr. Milburne of York- 
ſhire, about the year 1650. And laſtly, in 1657, on the preſent ſlid- 
ing rule, by Seth Partridge. 

he diſcoveries relating to logarithms were carried to France by 
Mr. Edmund Wingate, but not firſt of all as he erroneouſly ſays in 
the preface to his book. He publiſhed at Paris, in 1624, two ſmall 
tracts in the French language; and afterwards at London, in 1626, 
an Engliſh edition of the ſame, with improvements. In the firſt of 
theſe he teaches the uſe of Gunter's ruler; and in the other, that of 
Briggs's logarithms, and the artificial fines and tangents, Here are 
contained alſo tables of thoſe logarithms, fines, and-tangents, copied. 
from Gunter. The edition of theſe logarithms printed at London 
in 1635, and the former editions alſo I ſuppoſe, has the units figures 
diſpoſed along the tops of the columns, and the tens down the mar- 
gins, like our tables at preſent; but the whole logarithm, which was 
only to ſix places of figures, in the angle of meeting. Which is the 
firſt inſtance that I have ſeen of this mode of arrangement. 

But proceed we now to the larger ſtructure of logarithms. 

Briggs had continued from the beginning to labour, with great in- 
duſtry, at the computation of thoſe logarithms of which he before 
publiſhed a ſhort ſpecimen in ſmall numbers. And in 1624 he pro- 
duced his Arithmetica Logarithmica, a ſtupendous work for ſo ſhort a 
time! containing the logarithms of 30000 natural numbers, to four- 
teen places of figures heſides the index, namely from 1 to 20000, and 
from go000 to 100000; together with the differences of the loga= 
rithms. Some writers ſay that there was another chiliad, namely from 
I00000'to 101000; but none of the copies that I have ſeen have more 
than the 30000 above-mentioned, and they were all regularly ter- 
minated in the uſual way with the word FInIs, The preface to theſe 
logarithms contains, among other things, an account of the alteration 
made in the ſcale by Napier and himſelf, from which we before gave 
an extract ;- and an earneſt ſolicitation to others to undertake the com- 
putation for the intermediate numbers, offering to give inſtructions, 
and paper ready ruled ſor that purpoſe, to any perſons ſo inclined to 
contributg4o: the completion of ſo valuable a work. In the introduc- 
tion he gives alſo an ample treatiſe on the conſtruction and uſes of theſe 
logarithms, which will be particularly deſcribed-hereafter. By 
this invitation, and other means, he had hopes of collecting —— 
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for the logarithms of the intermediate 70000 numbers, vhilſt he ſhould 
employ his own labour more immediately upon the canon of logarith- 
mic ſines and tangents, and ſo carry on both works at once; as indeed 
they were both equally neceſſary, and he himſelf was now pretty far 
advanced in years. 

Soon after this Adrian Vlacq, or Flack, of Gouda in Holland, com- 
pleated the intermediate ſeventy chiliads, and republiſhed the Aritbme- 
tica Logarithmica at that place, in 1627 and 1628, with thoſe inter- 
mediate numbers, making in the whole the logarithms of all numbers 
to 100090, but only to ten places of figures. To theſe was added a 
table of artificial fines, tangents and ſecants, to every minute of the 

uadrant. | 
, Briggs himſelf lived alſò to compleat a table of logarithmic fines 
and tangents for the hundredth part of every degree, to fourteen places 
of figures beſides the index; together with a table of natural fines for 
the ſame parts to fifteen places, and the tangents and ſecants for the 
ſame to ten places; with the conſtruction of the whole. Theſe tables 
were printed at Gouda, under the care of Adrian Vlacq, and moſtly 
finiſhed off before 1631, though not publiſhed till 1633. But his death, 
which then antes prevented him from compleating the application 
and uſes of them. However, the performing of this office, when dy- 
ing, he recommended to his friend Henry Gellibrand, who was then 
profeſſor of Aſtronomy in Greſham college, having ſucceeded Mr. 
Gunter in that appointment. Gellibrand accordingly added a pre- 
face and the application of the logarithms tq plane and ſpherical tri- 

nometry &c. and the whole was printed at Gouda, by the ſame 
printer, and brought out in the ſame year, 1633, as the Trigonometria 
ms of Vlacq,' who had the care of the preſs, as aboveſaid. 

his work was called Trigonometria Britannica; and beſides the arcs 
in degrees and centeſms of degrees, it has another column containing 
the minutes and ſeconds anſwering to the ſeveral centeſms in the firſt 
column, | 
In 1633, as mentioned above, Vlacq printed, at Gouda in Hol- 
land, his Trigonometria Artificialis : five Magnus Canon Triangulorum 
Logarithmicus ad Decadas Secundarum Scrupulorum conflruftus. This 
work contains the logarithmic fines and tangents to 10 places of fi- 

ures, with their for every 10 ſeconds in the quadrant. 
To them is alſo added Brigg's table of the firſt 20000 logaritams, but 
carried only to 10 places of figures beſides the index, ith their dif- 
ferences. The whole is preceded by a deſcription of the tables, and 
the application of them to plane and ſpherical trigonometry, chiefly 
extracted from Briggs's Trigonometria | ur lr Fe mentioned above, 

Gellibrand publiſhed alſo, in 1635, An {nflitution Trigonometricall, 
containing the logarithms of the firſt ro000 numbers, with the natural 
fines, tangents and ſecants, and the logarithmic ſines and tangents, 
fur degrees and minutes, all to ſeven places of figures beſides the. 
index; as alſo other tables proper for navigation; with the uſes of the 
whole, Gellibrand died the gth of February 1636, in the 4oth year 
of his age, to the great loſs ot the mathematical world. _ 
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Beſides the perſons hitherto mentioned, who were moſtly computers 
of logarithms, many others have alſo publiſhed tables of thoſe artifi- 
cial numbers, more or leſs compleat, and ſometimes improved and 
varied in the manner and form of them. I ſhall here juſt advert to a 
few of the principal. N | 

In 1626, D. Henrion publiſhed, at Paris, a treatiſe concerning 
Briggs's logarithms of common numbers from 1 to 20000, to eleven 
places of figures; with the ſines and tangents to eight places only. 

In 1631 was printed at London, by one George Miller, a book, 
containing Brigg's logarithms, with their differences, to ten places of 
figures beſides the index, for all numbers to 100000; as alſo the logar- 
ithmic fines, tangents and ſecants for every minute of the quadrant ; 
with the explanation and uſes in Engliſh. 

The ſame year 1631, Richard Norwood publiſhed his Trigonometrie; 
in which we find Briggs's logarithms for all numbers to 10000, and 
for the ſines, tangents and ſecants to every minute, both to ſeven 
places beſides the index.—In the concluſion of the trigonometry he 
complains of the unfair practices of printing Vlacq's book in 1627 or 
1628, and the book mentioned in the laſt article. His words are, 
% Now whereas I have here, and in ſundry places in this book, cited 
Mr. Briggs his Arithmetica Logarithmica, (leſt I may ſeem to abuſe the 
reader) you are to underſtand not the book put forth about a month 
ſince in Engliſh, as a tranſlation of bis, and with the ſame title; be- 
ing nothing like his, nor ors his name ; but the book which him- 
ſelf put forth with this title in Latin, being printed at London, anna 
1624. And here I have juſt occaſion to blame the ill dealing of theſe 
men, both in the matter before mentioned, and in printing a ſecond 
edition of his Arithmetica Logarithmica in Latin, whilſt he lived, againſt 
his mind and liking ; and brought them over to fell, when the firſt were 
unſold; ſo fruſtrating thoſe additions which Mr. Briggs intended in 
his ſecond edition, and moreover leaving out ſome things that were in 
the firſt edition of ſpecial moment. A practice of very ill conſequence, 
and tending to the great diſparagement of ſuch as take pains in this 
kind.” 

Francis Bonaventure Cavalerius publiſhed at Bologna, in 1632, 
his Directerium Generale Uranometricum, in which are tables of Brigg's 
logarithms of fines, tangents, ſecants, and verſed fines, each to eight 
places, for every ſecond of the firſt five minutes, for every five ſeconds 
from five to ten minutes, for every ten ſeconds from ten ta twenty 
minutes, for every twenty ſeconds from twenty to thirty minntes, for 
every thirty ſeconds from go/ to 10 3o/, and for every minute in the 
reſt of the quadrant; which is the firſt table of logarithmic verſed 
ſines that I know of. In this book are contained alſo the logarithms 
of the firſt ten chiliads of natural numbers, namely from 1 to 10000, 
diſpoſed in this manner, all the twenties at top, and from 1 to 19 on 
the fide, the logarithm of the ſum being in the ſquare of meeting. 
In this work alſo I think Cavalerius firſt gave the method of finding 
the area or ſpherical ſurface contained by various ares defcribed on 
the ſurface of a ſphere, 

Alſo 
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Alſo in the Trigenametria of the ſame author, printed in 1643, be- 
ſides the logarithms of numbers from 1 to 1000, to eight places, with 
their differences, we find both natural and logarithmic fines, tan- 
gents and ſecants, the former to ſeven and the latter to eight places 
namely, to every 10” of the firſt 30 minutes, to every 300 from — 
to 10; and the ſame for their complements, or backwards through 
the laſt of the quadrant ; the intermediate 889 being to every 
minute only. | 

Mr. Nathaniel Roe, © Paſtor of Benacre in Suffolke,” alſo redu- 
ced the logarithmic tables to a contracted form, in his Tabule Legar- 
ithmice, printed at London in 1633- Here we have Briggs's logar- 
ithms of numbers from 1 to 100000, to eight places; the fifties 
placed at top, and from 1 to 50 on the ſide ; alſo the firſt four 15 
of the logarithms at top, and the ot her four down the columns. They 
contain alſo the logarithmic fines and tangents to every 106th part of 
degrees, to ten places. 

COONS Frobenius publiſhed at Hamburgh, in 1634, his Clavis 
Univerſa Trigonometrie, ngen tables of Briggs's logarithms of 
numbers from 1 to 2000; and of ſines, tangents, and ſecants, for 
every minute; both to ſeven places. 

But the tables of logarithms of common numbers was reduced to 
its moſt convenient form by John Newton, in his Trigonometria Bri- 
taunica, printed at London in 1658, having availed himſelf of both 
the improvements of Wingate and Roe, namely, uniting Wingate's 
diſpoſition of the natural numbers with Roe's contracted arrangement 
of the logarithms, the numbers being all diſpoſed as in our beſt tables 
at preſent, namely, the units N the top of the page, and the tens 
down the left-hand fide, alſo the firſt three figures of each logarithm 
in the firſt column, and the remaining five — in the other co- 
lumns, the logarithms being to eight places. This work contains 
alſo the logarithmic fines and tangents, to eight figures beſides the 
index, for every 100th part of a degree, with their differences, and 
for 1000th parts in the firſt three degrees. In the preface to this work, 
Newton takes occaſion, as Wingate and Norwood had done before, 
as well as Briggs himſelf, to cenſure the unfair practices of ſome other 
publiſhers of logarithms, He ſays, ** In the ſecond part of this inſti- 
tution, thou art preſented with Mr. Gellibrand's Trigonometrie, 
faithfully tranſlated from the Latin copy, that which the author him- 
ſelf publiſhed under the title of Trigonometria Britannica, and not that 
which Vlacq the Dutchman ſtiles Trigonometria Artificialis, from 
whoſe corrupt and imperfect copy that ſeems to be tranſlated, which is 
amongſt us generally known by the name of Gellibrands Trigonometry, 
but thoſe who either knew him, or have peruſed his writings, can teſ- 
tifie that he was no admirer of the old ſexagenary way of working, nay, 
that he did preferre the decimal way before it, as he hath abundantly 
teſtified in all the examples of this his Trigonometry, which differs 
from that other which Vlacg hath publiſhed, and that which hath 
hitherto borne his name in Engliſh, as in the form; (o likewiſe in 

— editions, there is Ar 
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thing left out in the ſecond chapter of plain triangles, the third chap- 
ter wholly omitted, and a part of the third in the ſpherical, but in this 
edition nothing, ſomething we have added to both, by way of expla- 
nation and demonſtration.“ 

In 1670, John Caramuel publiſhed his Mathe/is Nova, in which are 
contained 1000 logarithms both of Napier's and Briggs's form, as alſo 


* 1000 of what he calls the Perfect Logarithms, namely the ſame as 


thoſe which Briggs firſt thought of, which differ from the laſt only in 
this, that the one increaſes while the other decreaſes, the radix, or lo- 
garithm of the ratio of 10 to 1, being the ſame in both. 

The books of logarithms have ſince become very numerous, but the 
logarithms are moſtly of that ſort invented by Briggs, and which are 
now in common uſe. Of theſe the moſt noted for their accuracy or 
uſefulneſs, beſides the works above-mentioned, are Vlacq's ſmall vo- 
Iume of tables, particularly that edition printed at Lyons in 1670; 
alſo tables printed at the ſame place in 1760; but moſt eſpecially the 
tables of Sherwin and Gardiner. Of theſe, Sherwin's Mathematical 
Tables in 8vo, form the moſt compleat collection of any, containing, 
beſides the logarithms of all numbers to 101000, the fines, tangents, 
fecants, and verſed fines, both natural and logarithmic, to every mi- 
nute of the quadrant. The firſt edition was in 1706; bur the third 
edition, in 1742, which was reviſed by Gardiner, is eſteemed the moſt 
correct of any : as to the laſt or fifth edition, in 1771, it is ſo erro- 
neouſly printed, that no dependence can be placed in it, and it is the 
moſt inaccurate book of tables I ever knew; I have a liſt of ſeveral 
thouſand errors which I have corrected in it. 

Gardiner alſa printed at London, in 1742, a quarto volume of 
Tables of Logarithms, for all numbers from 1 to 102100, and for 
the fines and tangents to every ten ſeconds of each degree in the quad- 
rant; as alſo, for the fines of the firſt 72 minutes to every ſingle ſe- 
cond : with other uſeful and neceſlary tables;“ namely, a table of 
Logiſtical Logarithms, and three ſmaller tables to be uſed for find- 
ing the logarithms of numbers to twenty places of figures. Of theſe 
tables of Gardiner, only a ſmall number was printed, and that by 


ſubſcription ; and they are now in the higheſt eſtimation of any loga- 


rithms for their accuracy and uſefulneſs, 

An edition of Gardiner's collection was alſo elegantly printed at 
Avignon in France, in 1770, with ſome additions, namely, the fines 
and tangents for every ſingle ſecond in the firſt four degrees, and a 
ſmall table of hyperbolic logarithms copied from a treatiſe on Flux- 
ions by the late ingenious Mr. Thomas Simpſon : but this is not quite 
ſo correct as Gardiner's own edition. The tables in all theſe books 
are to ſeven places of figures. | 

The logarithmic canon ſerves to find readily the logarithm of 
any aſſigned number; and we are told by Dr. Wallis, in the ſecond 
volume of his Mathematical Works, that an antilogarithmic canon, 
or one to find as readily the number correſponding to every logarithm, 
was begun he thinks by Mr. Harriot the algebraiſt (who died in 1621) 
and completed by Mr, Walter Warner, the editor of „ 
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>fore 1640; which ingenious performance it ſeems was loſt, for want 
of encouragement to publiſh it.” 

« A (mail ſpecimen of ſuch numbers was publiſhed in the Philoſo- 
phical Tranſactions, for the year 1714, by Mr. Long of Oxford; but 
it was not till 1742 that a complete antilogarithmic canon was pub- 
| liſhed, by Mr. James Dodſon, wherein he has computed the numbers 
= corre{ponding to every logarithm from 1 to 100000, to 11 places of 
figures.” TIED ; 

Since the preceding account was written, and whilſt it was in the 
preſs, there has been printed at Paris, “ Tables Portatives de Logar- 
ithmes, publices 3 Londres par Gardiner,” &c. This work is moſt 
beautifully printed in a neat portable 8vo volume, and contains all 
the tables in Gardiner's 4tv. volume, with ſome additions and improve- 
ments. But with what degree of accuracy remains yet to be deter- 
= mined. And on this, as well as ſeveral other occaſions, it is but juſ- 
WE tice to remark the extraordinary ſpirit and elegance with which the 
learned men and the artiſans of the French nation undertake and exe- 


cute works of merit. 
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THE CONSTRUCTION 
O F 


L OGARIT H M 8. Ke. 
AVING deſcribed the ſeveral ſorts of logarithms, their riſe and 


invention, their nature and properties, and given ſome account 
of the principal early cultivators of them, with the chief collections 
that have been publiſhed of ſuch tables; I proceed now to deliver a more 
particular account of the ideas and methods employed by each author, 
and the peculiar modes of conſtruction which they made uſe of. 

And firſt of the great inventor himſelf, lord Napier. 

Napier's Conſtruction of Logarithms. 

The inventor of logarithias did not adapt them to the ſeries of na- 
WS tural numbers 1, 2, 3, 4, 5, &c, as it was not his principal idea to 
extend them to all arithmetical operations whatever; but he confined 
his labours to that circumſtance which firſt ſuggeſted the neceflity of 
e invention, and adapted his logarithms to the approximate numbers 
expreſſing the natural . of every minute in the quadrant, as they 
bad been ſet down by former writers on trigonometry. 

The ſame reſtricted idea was purſued through his method of con- 
ſtructing the logarithms. As the lines of the fines of all ares, are parts 
ot the radius, or fine of the quadrant, therefore called the ſinus totus or 
—_ whole fine, he conceived the line of the radius to be deſcribed, or run 
oer, by a point moving along it in ſuch manner, that in equal portions 
of time it generated, or cut off, parts in a decreaſing geometrical pro- 
greſſion, leaving the ſeveral remainders, or fines, in geometrical pro- 
greſſion alſo; whilſt another point, in an indefinite line, deſcribed equal 
parts of it in the ſame equal portions of time; fo that the reſpective ſums 
dt theſe, or the whole lind generated, were always the arithmeticals or 
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logarithms of thoſe fines. Thus, az is the given radius upon Sines. Log; 
which all the fines are to be taken, and A&c the indefinite * | 8 
line containing the logarithms ; theſe lines being each gene- - 
rated by the motion of a point, beginning at A, a. Now at 
the end of the. 1ſt, ad, 3d, &c, moments, or equal ſmall 
portions of time, let the moving points be found at the- 
places marked 1, 2, 3, &c; then za, 21, 22, 23, &c, will be 
the ſeries of natural fines, and Ao (or o), Al, A2, Ag, &c, | 
will be their logarithms ; ſuppoſing the point which gene- 6 
rates az to move every where with a velocity decreaſing in 7 
proportion to its diſtance from 2, namely, its velocity in the 
points o, 1, 2, 3, &c, to be reſpectively as the diſtances zo, 
21, 22, 23, &c, whilft the velocity of the point generating } 
the logarithmic line A&c, remains conſtantly the ſame as at A! 
firſt in the point A or o. | Kc 
Hitherto the author had not fully limited his ſyſtem or ſcale of i 
logarithms, having only ſuppoſed one condition or limitation, namely, 
that the logarithm of the radius az ſhould be o. But two independant 
conditions, no matter what they are, were neceſſary to limit the ſcale 
or ſyſtem of logarithms. It did not occur to him, that it was proper 
to form the other limit by . e particular value to an aſſigned 
number, or part of the radius: but as another condition was neceſ- 
ſary, he aſſumed this for it, namely, that the two generating points 
ſhould begin to move at a, A with equal velocities ; or that the incre- 
ments a1, A1, deſcribed in the firſt moments, ſhould be equal ; as he 
thought this circumſtance would be attended with ſome little eafe in 
the computation. And this 1s the reaſon that, in his table, the natural 
fines and their logarithms, at the compleat quadrant, have equal dif- 
ferences; and this is alſo the reaſon why his ſcale of logarithms happens 
accidentally to agree with what have — been called the hyperbolic 
logarithms, which have numerical differences equal to thoſe of their 
natural numbers at the beginning; except only that theſe latter increaſe 
with the natural numbers, and his on the contrary decreaſe ; the lo- 
garithms of the ratio of 10 to 1 being the ſame in both, namely 
2: 30258509. | 
And here by the way it may be obſerved, that Napier's manner of 
conceiving the generation of the lines of the natural numbers and 
their logarithms, by the motion of points, is very fimilar to the man- 
ner in which Newton afterwards conſidered the generation of magni- 
tudes in his doctrine of fluxions ; and it is alſo remarkable that, in 
art. 2. of the Habitudines Logarithmor um & ſuorum naturalium numero- 
rum invicem in the appendix to the Conſtructio Logarithmorum, Napier 
ſpeaks of the velocities of the increments or decrements of the loga- 
rithms, in the ſame way as Newton does, namely of his fluxions, 
where he ſhews that thoſe velocities, or fluxions, are inverſely as 
the fines or natural numbers of the logarithms ; which is a — 
conſequence of the nature of the generation of thoſe lines as deſcribed 
above; with this alteration however, that now the radius az muſt be 
conſidered as generated by an equable motion of the point, and the 
indefinite line A &c by a motion increaſing in the ſame ratio as the 
$2 or other 
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other before decreaſed ; which is a ſuppoſition that Napier muſt have 
had in view when he ſtated that relation of the fluxions. 

Having thus limited his ſyſtem, Napier proceeds, in the poſthumous 
work of 1619, to explain his conſtruction of the logarithmic canon; 
and this he effects in various ways, but chiefly by generating, in a 
very eaſy manner, a ſeries of proportional numbers and their arithme- 
ticals, or logarithms ; and then finding, by proportion, the logarithms 
to the natural fines, from thoſe of the neareſt numbers among the 
original proportionals. ; | 

After deſcribing the neceſſary cautions he made uſe of to preſerve a 
ſufficient degree of accuracy, in ſo long and complex a proceſs of calcu- 
lation; ſuch as annexing ſeveral ciphers, as decimals ſeparated by a point 
to his primitive numbers, and rejecting the decimals thence reſulting 
after the operations were compleated, ſetting the numbers down to the 
neareſt unit in the laſt figure; and teaching the arithmetical proceſſes 
of adding, ſubtracting, multiplying, and dividing the limits between 
which certain unknown numbers muſt lie, fo as to obtain the limits 
between which the reſults muſt alſo fall; I ſay, after deſcribing ſuch 
particulars, in order to clear and ſmooth the way, he enters on the great 
held of calculation itſelf. Beginning at radius 10000000, he firſt con- 
ſtructs ſeveral deſcending geometrical ſeries, but of ſuch a nature that 
they are all quickly formed by an eaſy continual ſubtraction, and a 
diviſion by 2, or by 10, or 100, &c, which is done by only removing 
the decimal point ſo many places towards the left hand, as there are 
ciphers in the diviſor. He conſtructs three tables of ſuch ſeries : The 
firſt of theſe conſiſts of 100 numbers, in the proportion of radius to 
radius minus 1, or of 10000000 to 9999999 ; all which are found b 
only ſubtracting from each its 10000000th part, which part is alſo 
found by only removing each figure 7 places lower : the lait of theſe 
100 proportionals is found to be 9999g900'0004950. 


The 2nd table contains 50 [Vo] Firt Table. iT 24 Table. 
numbers, which are in the 1 0000000.0000000|1c000000,.000000 
continual proportion of the 9999999.0000000] 9999900*000000 
firſt to the [ut in the firſt table, 9999998.0000001| 9999800'co1 
namely, of 10000000.0000000 9999997+-2000003] 9999700"003900 
% 9999900.0004950, or near- 105 . 5 n 
ly the proportion of 100000 | 2 j : 9995 9 
to 99999; theſe therefore are . 
found by only removing the figures of each number 5 places lower, 
and ſubtracting them from the ſame number: the laſt of theſe he ſinds 
to be 3 And a ſpecimen of theſe two tables is here 
annexed. 

The 3d table conſiſts of 69 columns, and each column of twenty- 
one numbers or terms, which terms, in every column, are in the con- 
tinual 38 of 10000 to 9995, that 1s, nearly as the firſt is to 
the laſt in the 2d table; and as 10000 exceeds 9995 by the 2000th 
part, the terms in every column will be conſtructed by dividing each 
upper number by 2, removing the figures of the quotient 3 places 
lower, and then ſubtracting them; and in this way it is proper to con- 
ſtruct only the firſt column of 21 numbers, the laſt of which will be 


G 2 9900473.5780: 
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9900473.5780: but the iſt, 2d, 3d, &c, numbers in all the columns, 


are in the continual proportion of 100 to gg, or nearly the proportion 
of the firſt to the laſt in the firſt column ; and therefore theſe will be 
found by removing the figures of each preceding number 2 places 
lower, and ſubtracting them, for the like number in the next column. 
A ſpecimen of this 3d table is as here below. : 
| The 3d Table. ] 
Terms; 1it Column. [2nd Column. zd Colunm. | &c till the bg Column. 
x [10000000.0000[9900000.0000]9801000.0500 Tc for the 50488 58.8 900 
1 2 | 9995000.0000[9895050,0000]9796099.5000[4th, 5th, oth, 50463 34.4605 
3 | 999000z.g0co[g890102.475019791201.4503] 7th, &c col. |5043811.2932 
4 -| 99385007.4987]9885157.423719756305.8495| till the laſt |5041289.3879 
5 | 99$0014.995019880214.845119781412.6967 or 5033768.7435 
&c &c till &c &c . xc 
21 | 9900473-5780[9801468.342319793454-1539 4998609.403 

Thus he had, in this 3d table, interpoſed between the radius and 
its half, 68 numbers in the continual proportion of 100 to 99; and 
interpoſed between every two of theſe 20 numbers in the proportion 
of 10000 to 9995: and again, in the 2d table, between 10000000 and 
9995000, the two firſt of the 3d table, he had 5o numbers in the pro- 
portion of 100000 to 99999 : And laſtly, in the 1ſt table, between 
10000000 and 9999900, or the 2 firſt of the 2d table, 100 numbers 
in the proportion of 10000000 to 9999999. That is, in all about 
1600 proportionals; all found in the moſt ſimple manner by little 
more than eaſy ſubtra&ions; which proportionals nearly coincide with 
all the natural fines from go? down to 309. 

To obtain the logarithms of all thoſe proportionals, he demoriſtrates 
ſeveral properties and relations of the numbers and logarithms, and 
illuſtrates the manner of applying them. 'The principal of theſe pro- 
perties are as follows: 1ſt, that the logarithm of any fine is greater 
than the difference between that fine and tne radius, but leſs than the 
ſaid difference when increaſcd in the proportion of the fine to radius“; 
and 2dly, that the difference between the logarithms of two fines, 1s 
leſs than the difference of the fines increaſed in the proportion of the 
leſs fine to radius, but greater than the ſaid difference of the fines in- 
creaſed in the proportion of the greater ſine to radius f. 


* By this firſt theorem, r being radius, the logarithm of the fine s, is between r—; 
and — r; and therefore, when s differs but little from r, the logarithm of / will be 
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and v, lying between the limit and . -r, will, when thoſe fines differ but 
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little, be nearly equal to —_ or MED, their arithmetical mean; 
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Hence, by the iſt theorem, the logarithm of 10000000, the radius 
or firſt term in the firſt table, being o, the logarithm of 9999999» the 
2d term, will be between 1 and 1.000001, and will therefore be equal 
to 100000005 very nearly: and this will be alſo the common difference 
of all the terms or proportionals in the firſt table; and therefore by 
the continual addition of this logarithm, there will be obtained the 
logarithms of all theſe 100 proportionals : conſequently 100 times 
the ſaid firſt logarithm, or the laſt of the above ſums, will give 
100.000005, for the logarithm of 999gg00.0004950, the laſt of the ſai 
100 proportionals, 

Then, by the ad theorem, it eaſily appears that . $0 is the dif- 
ference betweenthe logarithms of 9999900. 00049 50 an 9999900, the 
laſt term of the firſt table and the 2d term of the ſecond table ; this 
then being added to the laſt logarithm, gives 100.0005000 for the 
logarithm of the ſaid 2d term, as alfo the common difference of the 
logarithms of all the proportionals in the 2d table; and therefore by 
continually adding it, there will be generated the logatithms of all theſe 
proportionals in the 2d table; the laſt of which is 5000.025, anſwer- 
ing to 9995001.222927 the laſt term of that table. | | 

Again, by the 2d theorem, the difference between the logarithms 
of this laſt proportional of the 2d table, and the 2d term in the firſt 
column of the 3d table, is found to be 1. 2235387: which being added 
to the laſt logarithm, gives 5001.2485387 tor the logarithm of 

995000, the ſaid 2d term of the 3d table, as alſo the common dif- 
— of the logarithms of all the proportionals in the firft column of 
that table ; and this therefore, being continually added, gives all the 
logarithms of that firſt column, the laſt of which is 100024.97077, 
the logarithm of 990047 3. 5780, the laſt term of the ſaid column. 

Finally, by the 2d theorem again, the difference between the loga - 
rithms of this laſt number and 9900000, the firſt term in the 2d co» 
lumn, is 478.3502; which being added to the laſt logarithm, gives 
100503.3210 for the logarithm of the ſaid firſt term in the 2d column, 
as well as the common difference of the logarithms of all the numbers 
on the ſame line in every line of the table, namely, of all the 1ſt terms, 
of all the ad, of all the 3d, of all the 4th, &c, terms in all the columns; 
and which therefore, being continually added to the logarithms in the 
2 column, will give the correſponding logarithms in all the other 
columns. 

And thus is compleated what the author calls the radical table, in 
which he retains only one decimal place in the logarithms (or artifict= 
pls, as he always calls them in his tract on the conſtruction), and four 
in the naturals. A ſpecimen of the table is as here follows. 


Radical Table. | 


| 2d Column. if | 69th Column. 
Naturals. | Artifici. aturals. ]Artificials 
I ol19g00000.0000|r00503.350488 58.890068 3422 5 
2 | 9995000.0000] gool.2f19$95050.0000[105 504.6i[5046333-460516839227-1 
3 | 9990002.5c00Þ Icooz.,sf}g$goto2.4750[110505.8]};0435811.293216844228.3 
4 | 9985007.4987; 15003.71[9885157.4237]115507-1][5041289.387916349229.6 
5 | 9980014.99 50 20005.0f[g880214.8451|120508.3[5038768.7435[6854230. 
&c &c till &c' & &c & 
21 | 9900473.5780|r0002 
— — > : 


| Terms| 11t Column. 
Naturals. |Artifici. 


0 
801468. 842 20200828. 2149008609. 4024169342 50.8 
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Having thus, in the moſt eaſy manner, compleated the radical table, 
by little more than mere addition and ſubtraction, both for the natu- 
ral numbers and logarithms ; the logarithmic fines were eaſily deduced 
from it by means of the 2d theorem, namely, taking the ſum and 
difference of each tabular fine and the — number in the radical 
table, annex ) ciphers to the difference, divide the reſult by the ſum, 
and half the quotient will be the difference between the logarithms of 
the ſaid numbers, namely, between the tabular fine and radical number; 
conſequently, adding or ſubtracting this difference, to or from the 
given logarithm of the radical number, there will be obtained the loga- 
rithmic fine required. And thus the logarithms of all the fines from 
radius to the half of it, or from go? to 300, were perfected. 

Next, for determining the fines of the remaining 30 degrees, he 
delivers two methods. In the firſt of theſe he proceeds in this man- 
ner : Obſerving that the logarithm of the ratio of 2 to 1, or of half 
the radius, is 6931469.22, of 4 to one is the double of this, of 8 to x 
is triple of it, =, that of 10 to 1 is 23925842. 34, of 20 to 1 is the 
ſum of the logarithms of 2 and 10, and ſo on by compoſition for the 
logarithms of the ratios between 1 and 40, 80, 109, 200, &c, to 
10000000 ; he multiplies any given fine, for an arc leſs than 30 de- 
grees, by ſome of theſe numbers, till he finds the product nearly 
equal to one of the tabular numbers; then by means of this and the 
ſecond theorem, the logarithms of this product is found; to which 
adding the logarithm that anſwers to the multiple abovementioned, 
the ſum is the logarithm ſought. But the other method is ſtill much 
eaſier, and is derived from this property, which he demonſtrates, 
namely, as half radius is to the fine of half an arc, fo is the coſine of 
the ſaid half arc to the fine of the whole arc; or as + radius: fine of 
an arc :: coſine of the arc: ſine of double the arc; hence the loga- 
rithmic fine of an arc is found, by adding together the logarithms of 
half radius and of the fine of the double arc, and then ſubtracting the 
logarithmic coſine from the ſum. 

And thus the remainder of the fines, from 305 down to o, are eaſily 
obtained. But in this latter way, the logarithmic fines for full one 
half of the quadrant, or from o ta 45 degrees, he obſerves, may be 
derived ; the other half having already been made. by the general 
method of the radical table, by one eaſy diviſion and addition or ſub- 
traction for each. ; 

I have dwelt the longer on this work of the inventor of logarithms, 
becauſe | have not ſeen in any author an account of his method of 
conſtructing his table, although it is perfectly different from any other 
method uſed by the later computers, and indeed almoſt peculiar to 
his ſpecies of —— wand The whole of this work manifeſts great 
ingenuity in the deſigner, as well as much accuracy. But notwith- 
ſtanding the caution he took to obtain his logarithms true to the 
neareſt unit in the laſt figure ſet down in the tables, by extending the 
numbers in the computations to ſeveral decimals, and other means ; 
he had been diſappointed of that end, either by the inaccuracy of his 
aſſiſtant computers or tranſcribers, or through ſome other cauſe; as 
the logarithms in the table are commonly yery inaccurate. It is re- 

markable 


— — — 


— TE . "EV a } E % — 
Z 


— — — — 


-_ * —. 4 x — — * 3 2 2 
SEES DDP © GL * 


— 


LOGARITHMS. 47 


markable too that in this tract on the conſtruction of the logarithms, 
Lord Napier never calls them logarithms, but every where artificials, 
as oppoſed in idea to the natural numbers : and this notion of natural 
and artificial numbers I take to have been his firſt 1dea of this matter, 
and that he altered the word artificials to 1 in his firſt book, 
on the deſcription of them, when he printed it, in the year 1614, and 
that he would alſo have altered the word every where in this poſthu- 
mous work if he had lived to print it : for in the two or three pages 
of appendix, annexed to the work by his ſon from Napier's papers, 
he again always calls them logarithms. This appendix relates to the 
change of the logarithms to that ſcale in which 1 1s the logarithm of 
the ratio of 10 to 1, the logarithm of 1, with or without ciphers, being 
o; and it appears to have been written after Briggs communicated to 
him his idea of that change. AE 

Napier here in this appendix alſo briefly deſcribes ſome methods 
by which this new ſpecies of logarithms may be conſtructed. Having 
ſuppoſed o to be the logarithm of 1, and 1 with any number of ciphers, ' 
as 10000000000, the logarithm of 10; he direRts to divide this logarithm 
of 10, and the ſucceſhve quotients, ten times by 5, by which diviſions 
there will be obtained theſe other ten logarithms, namely 2000000000, 
400000000, 80000000, 16000000, 3200000, 640000, 128000, 25600, 
5120, 1024 : then this laſt logarithm, and its quotients, being divided 
ten times by 2, will give theſe other ten logarithms 512, 256, 128, 64, 
32, 16, 8, 4, 2, 1. And the numbers anſwering to theſe twenty loga- 
rithms, we are directed to find in this manner; namely, extract the 
5th root of 10 (with ciphers), then the 5th root of that root; and ſo 
on for ten continual extractions of the 5th root; ſo ſhall theſe ten roots 
be the natural numbers belonging to the firſt ten logarithms, above 
found in continually dividing by 5: Next, out of the laſt 5th root we are 
to extract the ſquare root, then the ſquare root of this laſt roct, and fo 
on for ten ſucceſſive extractions of the ſquare root; ſo ſhall theſe laſt 
ten roots be the natural numbers CI to the logarithms or 

uotients ariſing from the laſt ten diviſions by the number 2. And 
2 theſe twenty logarithms, 1, 2, 4, 8, 16, &c, and their natural 
numbers, the author obſerves that other logarithms and their numbers 
may be formed, namely by adding the logarithms and multiplyin 
their correſpondent numbers. It 1s evident that this proceſs woul 
generate rather an antilogarithmic canon, ſuch as Dodſon's, than the 
table of Briggs; and that the method would alſo be very laborious, 
ſince, beſides the very troubleſome original extractions of the 5th roots, 
all the numbers would be very large, by the multiplication of which 
the ſucceſſive ſecondary natural numbers are'to be found. 

Our author next mentions another method of deriving a few of the 
primitive numbers and their logarithms, namely, by taking continually 
geometrical means, firſt between 10 and 1, then between 10 and this 
mean, and again between 10 and the laſt mean, and ſo on; and takin 
the arithmetical means between their correſponding logarithms. He 
then lays down various relations between numbers and their logarithms, 


- ſuch as that the products and quotients of numbers, anſwer to the ſums 


and differences of their logarithms ; and that the powers and roots of 
| numbers, 
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numbers, anſwer to the products and quotients of the logarithms by the 
index of the power or root, &c; as alſo that, of any two — Baca 
whoſe logarithms are given, if each number be raiſed to the power 
denoted by the logarithm of the other, the two reſults will be equal. 
He then delivers another method of making the logarithms to a 
few of the prime integer numbers, which is well adapted for con- 
ſtructing the common table of logarithms. This method eaſily follows 
from what has been ſaid above, and it depends on this property, that 
the logarithm of any number in this ſcale, is 1 leſs than the number 
of places or figures contained in that power of the given number whoſe 
exponent is I0000000000 or the logarithm of 10, at leaſt as to integer 
numbers, for they really differ by a fraction, as is ſhewn by Mr. Briggs 
in his illuſtrations of theſe properties, printed at the end of this 
appendix to the conſtruction of logarithms. I ſhall here ſet down one 
more of theſe relations, as the manner in which it is expreſſed is ex- 
actly fimilar to that of fluxions and fluents, and it is this: Of any 
two numbers, as the greater is to the leſs, ſo is the velocity of the 
increment or decrement of the logarithms at the. leſs, to the velocity 
of the increment or decrement of the logarithms at the greater: that 


is, in our modern notation, as X: T: : y to x, where x and y are the 


fluxions of the logarithms of X and Y. 
| Kepler's Conſirudtion of Logarithms. 


The logarithms of Briggs and Kepler were both printed the ſame 
ear, 1624; but as the latter are of the ſame fort as Napier's, I ſhall 
ere give the author's conſtruction of them, before we proceed to that 

of Briggs's. | 

We have already (pa. 31 & ſeg.) deſcribed the nature and form of 

Kepler's logarithms, ſhewing that they are of the ſame kind as Napier's, 
but only a little varied in the form of the table. It may alſo be added 
that, in general, the ideas which theſe two maſters had on this ſubject, 
were of the ſame nature, only it was more fully and methodically laid 
down by Kepler, who expanded, and delivered in a regular ſcience, 
the hints that were given by the illuſtrious inventor. The foundation 
and nature of their methods of conſtruction, are alſo the ſame, but 
only a little varied in their modes of applying them. Kepler here firſt 
of any treats of logarithms in the true and genuine way of the mea» 
ſures of ratios, or proportions *, as he calls them, and that in a very 
full and ſcientific manner : and this method of his was afterwards fol- 
lowed and abridged by Mercator, Halley, Cotes, and others, as we 
ſhall ſee in the proper places. Kepler firſt erects a regular and purely 
mathematical ſyſtem of proportions, and the meaſures of proportions, 


9 
* 


* Kepler almoſt always uſes the term proportion inſtead of rio, which I alſo ſhall do 
in my account of his work, as well as conform in expreſſions and notations to his other 
uliarities. It may alſo be here remarked, that I obſerve the ſame practice in deſcri- 
ing the works of other authors, the better to convey the idea of their ſeveral methods 
—— And this may ſerve to account for ſome ſeeming inequalities in the language 
treated 
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treated at conſiderable length in a number of propoſitions, which are 
fully and chaſtely demonſtrated by genuine mathematical reaſoning, 
and illuſtrated by numerical examples. This part contains and de- 
monſtrates both the nature and the principles of the ſtructure of loga- 
rithms. And in the ſecond part he applies thoſe principles in the 
actual conſtruction of his table, which contains only 1000 numbers 
and their logarithms, in the form as we before deſcribed : and in this 
part he indicates the various contrivances made uſe of in deducing the 
logarithms of proportions one from another, after a few of the lead- 
ing ones had been firſt formed by the general and more remote prin- 
ciples. He ufes the name /ogarithms, given them by the inventor, 
being the moſt proper, as expreſſing the very nature and eſſence of thoſe 
artificial numbers, and containing as it were a definition in the very 
name of them ; but without taking any notice of the inventor, or of 
the origin of thoſe uſeful numbers. 

As this tra& is very curious and important in itſelf, and is beſides 
very rare and little known, inſtead of a particular deſcription only, I 
ſhall here give a brief tranſlation of both the parts, omitting only the 
demonſtrations of the propoſitions, and ſome rather long illuſtrations 
of them. 

The book is dedicated to Philip, landgrave of Heſſe, but is without 
either preface or introduction, and commences immediately with the 
ſubje& of the firſt part, which is intituled The Demon/tration of the 
Structure of Logarithms ; and the contents of it are as follows. 

Poeſtulate 1. That all proportions equal among themſelves, by what - 
ever variety of couplets of terms they may be denoted, are meaſured 
or expreſſed by the ſame eee 

Axiom 1. If there be any number of quantities of the ſame kind, the 
proportion of the extremes is underſtood to be compoſed of all the 
proportions of every adjacent couplet of terms, from the firſt to the 


1 Propefition. The mean proportional between two terms divides 

z * er of thoſe terms into two equal proportions. 
xiom 2. Of any number of quantities, regularly increaſing the 

means divide the proportion of the extremes into one proportion 
more than the number of the means. 

Poſiulate 2. That the proportion between any two terms, is diviſi- 
ble into any number of parts, until thoſe parts become leſs than any 
propoſed quantity. 


An example of this ſection is then inſerted in a ſmall table, in dividing the proportion 
which is between 10 and 7 into 1073741324 equal parts, by as many mean proportionalg 
wanting one, namely, by taking the mean proportional between 10 and 7, then the mean 
between 10 and this mean, and the mean between 10 and the laſt, and ſoonfor 30 means, or 
30 extractions of the ſquare root, the laſt or 3oth of which roots is 99999999966782056900 
and the zoth power of 2, which is 1073741$24, ſhews into how many parts the proportion 
between 10 and 7, or between 1000 &c and 7co &c, is divided by 1073741824 means 
each of which parts is equal to the proportion between 1000 &c, and the zoth mean 999 
&c. that is the proportion between too & and 999 &c, is the 1073741824th part of the 
proportion between 10 and 7, Then by aſſuming the ſmall difference 00000.00003.32 179. 
43100, for the meaſure of the very ſmall element of the proportion of 10 to 7, or for the 
meaſure of the proportion of 1000 &c to 999 &c, or for the logarithm of this laſt term, 
and multiplying it by 1073741824, the number of parts, the product will give 25667.494$r 
37222.19400 for the logarithm of the leſs term 7 or 700 &c, 

H Poſlulate 
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Poſtulate 3. That the extremely ſmall quantity or element of a pro - 
portion, may be meaſured or denoted by any quantity whatever; as 
for inſtance, by the difference of the terms of that element. | 

2 Prop:/ition. Of three continued proportionals, the difference of 
the two firſt has to the difference of the two latter, the ſame propor- 
tion which the firſt term has to the 2d, or the 2d to the 3d. 

3 Prop. Of any continued proportionals, the greateſt terms have the il 

cateſt difference, and the leaſt terms the leaſt. 23 

4 Prop. In any continued proportionals, if the difference of the great. 
eſt terms be made the meaſure of the proportion between them, the dif- 
ference of any other couplet will be leſs than the true meaſure of their | 
proportion. ' n ; 

5 Prop. In continued proportionals, if the difference of the greateſt 
terms be made the meaſure of their proportion, then the proportion of 
the greateſt to any other term will be greater than their difference. 

6 Prop. In continued proportionals, if the difference of the greateſt 
term and any one of the leſs, taken not immediately next to it, be made 
the meaſure of their proportion ; then the proportion which is between 
the greateſt and any other term greater than the one before taken, will 
be leſs than the difference of thoſe terms ; but the proportion which is 
between the greateſt term and any one leſs than that firſt taken, will 
be greater than their difference. | 

7 Prop. Of any quantities placed according to the order of their 
magnitudes, if any two ſucceſſive proportions be equal, the three ſuc- 
ceſſive terms which conſtitute them, will be continued proportionals. | 

8 Prop. Of any quantities placed in the order of their magnitudes, | 
if the intermediates lying between any two terms, be not among the | 
mean proportionals which can be interpoſed between the ſaid two 
terms, then ſuch intermediates do not divide the proportion of thoſe | 
two terms into commenſurable proportions. .% 

Beſides the demonſtrations, as uſual, ſeveral definitions are here given; as of commenſu- I 
Fable proportions, &c. : | | 

9 Prop. When two expreſſible lengths are not to one another as 
two figurate numbers of the ſame ſpecies, ſuch as two ſquares, or two 
cubes ; there cannot fall between them other eéxpreſſible lengths, | 
which ſhall be mean proportionals, and as many in number as that 
ſpecies requires, namely, one in the ſquares, two in the cubes, three 
in the biquadrats, &c. \ Y 

10 Prop. Of any expreſſible quantities, following in the order of 
their magnitudes, if the two extremes be not in the proportion of two 
1quare numbers, or two cubes, or two other powers of the ſame kind; 
none of the intermediates divide the proportion into commenſurables. Wl 

11 Prop. All the proportions, taken in order, which are between 
expreſſible terms that are in arithmetical proportion, are incommen- 
ſurable to one another. As between 8, 13, 18. i | 

12 Prop. Of any quantities placed in the order of magnitude, if the 
difference of the greateſt terms be made the meaſure of their ropor- 
tion, then the difference between any two others will be leſs than the 
meaſure of their proportion; and if the difference of the two leaſt 
terms be made the meaſure of their proportion, then the differences 8 
| | = the 
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[ 
the reſt will be greater than the meaſure of the proportion between 
their terms, | 
Corol. If the meaſure of the proportion between the greateſt, ex- 
ceed their difference, then the proportion of this meaſure to the 
ſaid difference, will be leſs than that of a following meaſure to the 
difference of its terms. Becauſe proportionals have the ſame ratio. 
13 Prop. If three quantities follow one another in the order of mag- 
itude ; the proportion of the two laſt will be contained in the propor- 
jon of the extremes, a leſs number of times than the difference of 
the two leaſt is contained in the difference of the extremes : And on 
Ft hc contrary, the proportion of the two greateſt will be contained in 
ibe proportion of the extremes, oftener than the difference of the 
former is contained in that of the latter. 5 
Corel, Hence if the difference of the two greater be equal to the 
difference of the two leſs terms, the proportion between the two 
greater will be leſs than the f between the two leſs. 

14 Prop. Of three equidifferent quantities taken in order, the pro- 
portion between the extremes is more than double the proportion 
between the two greater terms. : 

Corel. Hence it follows, that half the proportion of the extremes, 
is greater than the proportion of the two greateſt terms, but leſs than 
the proportion of the two leaſt, 

15 Prop. If two quantities conſtitute a proportion, and each quan- 
tity be leſſened by half the greater ; the remainders will conſtitute a 
proportion greater than double the former. | 
16 Prop. The aliquot parts of incommenſurable proportions, are 
incommenſurable to each other. 

17 Prop. If one thouſand numbers follow one another in the natu- 
ral order, beginning at 1000, and differing all by unity, viz. 100c, 
990, 998, 997, &c ; and the proportion between the two greateſt 1000, 
999, by continual biſe&ion, be cut into parts that are ſmaller than 
the exceſs of the proportion between the next two 999, 998, over the 
ſaid proportion between the two greateſt 10co, ggg ; and thea for 
the meaſure of that ſmall element of the proportion between 1000, 
999, there be taken the difference of Icoo and that mean proportional 
which is the other term of the element. Again, if the proportion be- 
tween 1000, 998 be likewiſe cut into double the number of parts 
which the former proportion between 1c09, 99g was cut into; and 
hen for the meaſure of the ſmall element in this diviſion, be taken the 
difference of its terms, of which the greater is 1000. And, in the 
lame manner, if the proportion of 1000 to the following nam- 
bers, as 997, &c, by continual biſection, be cut into particles of ſuch 
magnitude, as may be between + and 4 of the element ariſing from 
the ſection of the firſt proportion between 1000 and 999 ; the meaſure 
of each element will be given from the difference of its terms. Then, 
this being done, the meaſure of any one of the 1000 proportions, 
will be compoſed of as many meaſures of its element, as there are of 
thoſe,elements in the ſaid divided proportion. And all theſe mea- 
Tos all the proportions, will be ſyfficiently exact for the niceſt 
alculations, | | 
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All thefe ſections and meaſures of proportions are performed in the manner of that 
deſcribed at poſtulate 2, and the operation is abundantly explained by numerical calcu- 
lations. 


18 Prop. The proportion of any number to the firſt term 1000 being 
known ; there will alſo be known the proportion of the reſt of the 
numbers in the ſame continued proportion, to the ſaid firſt term, 

So from the known proportion between. 1000 and goo, 

there is alſo» known the proportion of 1000 to 810, and to 729 ; 
And from 1000 to 800, alſo 1000 to 640, and to 512 ; 
And from 1000 to 700, alſo 1000 to 490, and to 3433 
And from 1000 to 600, alſo 1000 to 360, and to 2163 
And from 1000 to 500, alſo 1000 to 250, and to 125. 


Corel. Hence ariſes the precept for ſquaring, cubing, &c ; as alſa 
for extracting the ſquare root, cube root, &c, out of the firſt figures 
of numbers. For it will be, as the greateſt number of the chiliad as 
a denominator, is to the number propoſed as a numerator, ſo is this 
to the ſquare of the fraction, and ſo is this to the cube. 

19 Prop. The proportion of a number to the firſt, or 1000, being 
known ; if there be two other numbers in the ſame proportion to each 
other, then the proportion of one of theſe to 1000 being known, there 
will alſo be known the proportion of the other to the ſame 1000, 

Carol. 1. Hence from the 15 proportions mentioned in prop. 18, 
will be known 120 others below 1000, to the ſame 1000. 


For ſo many are the proportions, equal to ſome one or other of the ſaid 15, that are 
among the other integer numbers which are leſs than 1000, 


Corol. 2. Hence ariſes the method of treating the Rule-of-Three, 
when 1000 is one of the given terms. | 


For this is effected by adding to, or ſubtracting from, each other, the meaſures of the 
two proportions of 1000 to each of the other two given numbers, according as 1000 is, or 
is not, the firſt term in the Rule-of-three, ; 


20 Prop. When four numbers are proportional, the firſt to the ſe- 
cond as the third to the fourth, and the proportions of 1000 to each 
of the three former are known, there will alſo be known the propor- 
tion of 1000 to the fourth number, 

Corol. 1. By this means other chiliads are added to the former. . 

Corel. 2. Hence ariſes the method of performing the Rule- of- three, 
when 1000 is not one of the terms. — from the ſum of the 
meaſures of the proportions of 1000 to the ſecond and third, take that 
of loco to the firſt, and the remainder is the meaſure of the proportion 
of 1000 to the fourth term, ph 

Definition. The meaſure of the proportion between 1000 and any 
Jeſs number, as before deſcribed, and expreſſed by a number, is ſet 
oppoſite to that leſs number in the chiliad, and is called its LoGa- 
RITHM, that is, the number (ap10,ua;) indicating the proportion 
(Ae which 1000 bears to that number, to which the logarithm is 
annexed, | | 

21 Prop. If the firſt or greateſt number be made the radius of 2 
circle, or /inus totus; every leſs number, confidered as the coſine of 
ſome arc, has a logarithm greater than the verſed ſine of that arc, 
but leſs than the difference between the radius and ſecant of the arc; 

except only in the term next after the radius, or greateſt term, the 
logarithm of which by the hypotheſis is made equal to the verſed fine. 
25 22, Pro: 
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That is, if C D be made the logarithm of A C, or the meaſure af 
the proportion of AC to A D; then the meaſure of the proportion 
of A B to AD, that is the logarithm of A B, will be greater than 
BD, but leſs than EF. And this is the ſame as Napier's firſt rule 


in page 44 10 


A 

22. Prop. The ſame things being ſuppoſed; the ſum of the verſed 
ſine and exceſs of the ſecant over the radius, is greater than double 
the logarithm of the coſine of an arc. 
| Coral. The log. coſine is leſs than the arithmetic mean between 

the verſed fine and the exceſs of the ſecant. 

Precept 1. Any fine being found in the canon of fines, and its de- 
fect below radius to the exceſs of the ſecant above radius; then ſhall 
the logarithm of the fine be leſs than half that ſum, but greater than 
the ſaid defect or coverſed fine. 5 


Let there be the fine 99970. 1490 of an are: 
Its defect below radius is 29.3510 the covers. and leſs than logarithm ſine; 
Add the exceſs of the ſecant 29.8 599 


Sum 59.7109 | 
its half or 29.3555 greater than the logarithm, 
Therefore the logarithm is between $925 338 
Precept 2. The logarithm of the ſine being found, you will alſo 
find nearly the logarithm of the round or integer number which is next 
leſs than your fine with a fraction, by adding that fractional exceſs to 
the logarithm of the ſaid fine, 


Thus the logarithm of the ſine 99970.149 is found to be about 29.354; if now the loga+ 
rithm of the round — 99970.c00 he 8 » add 149 the fractional part of the fins 
c = is the logarithm of the round number 

the ſum 30.003 C 9997 Ye 


23. Prop. Of three equidifferent quantities, the meaſure of the 
proportion between the two greater terms, with the meaſure of the 
proportion between the two leſs terms, will conſtitute a proportion, 
which will be greater than the proportion of the two greater terms, 
but leſs than the proportion of the two leaſt. 


Thus if AB, AC, AD be three quantities having the equal 3 — ——x — 
differences BC, CD; and if the meaſure of the proportion of A iS 
AD, AC be cd, and that of AC, AB be be; then the propor- 8 
tion of cd to cb will be greater than the proportion of AC to ” 


AD, but leſs than the proportion of AB to AC, 

24 Prop. The ſaid proportion between the two meaſures, is leſs 
than half the proportion between the extreme terms. That is, the 
proportion between be, cd, is leſs than half the proportion between 
AB, AD. | 

Corel. Since therefore the arithmetical mean divides the proportion 
into unequal parts, of which the one is greater, and the other leſs, 
than half the whole; if it be enquired what proportion is between 
— proportions, the anſwer is, that it is a little leſs than the ſaid 


Jau, 
An 
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An Example of finding nearly the limits, greater and leſs, to the meaſure 
of any propoſed proportion. 


It being known that the meaſure of the ox gee between 1000 and 900 is 10536. 05, 
required the meaſure of the proportion goo to Soo, where the terms 1000, goo, 800, have 
equal differences. Therefore as ꝗ to 10 ſo 10536.05 to 11706. 72, which is leſs than 11778. 30 
the meaſure of the proportion 9 to 8. Again, as the mean proportional between $ and 10 
(which is 8.9442 719) is to 10 ſo 10536.05 to 11779.66, which is greater than the meaſure 
of the proportion between 9 and 8. 


Axiom. Every number denotes an expreſſible quantity. | 

25 Prop. If the 1000 numbers, differing by 1, follow one another 
in the natural order; and there be taken any two adjacent numbers, 
as the terms of ſome proportion; the meaſure of this proportion will 
be to the meaſure of the proportion between the two greateſt terms of 
the chiliad, in a proportion greater than that which the greateſt term 
1000 bears to the greater of the two terms firſt taken, but leſs than 
the proportion of 1000 to the leſs of the ſaid two ſelected terms. 


so of the 1000 numbers taking any two ſucceſſive terms, as 551 and 500, the logarithm 
of the former being 691 14.92, and of the latter 69314.72, the difference of which is 199.85, 
Wherefore by the definition, the meaſure of the proportion between 501 and 500 is199.30, 
In like manner, becauſe the logarithm of tte greateſt term 10500 is o, and of the next 
999 18,100.05, the difference of theſe logarithms, and the meaſure of the proportion be- 
tween 1000 and 999, is 100.05. Couple now the greateſt term 1000 with each of the 
felefted terms gor and goo; couple alſo the meaſure 199.80 with the meaſure 100,05 ; ſo 
ſhall the proportion between 199. 80 and 100.05 be greater than the proportion between 
1000 and 501, but leſs than the proportion between tooo and 500, | 
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Corol. 1. Any number below the firſt 1000 being propoſed, as alſa 
its logarithm; the differences of any logarithms antecedent to that 
propoſed, towards the beginning of the chiliad, are to the firſt loga- 
rithm (viz. that which is aſſigned to 999g), in a greater proportion than 

. 1000 to the number propoſed ; but of thoſe which follow towards the 
| laſt logarithm, they are to the ſame in a leſs proportion, 

Corel, 2. By this means the places of the chiliad may eaſily be filled 
up, which have not yet had logarithms adapted to them by the former 
propoſitions. | 

26 Prop. The difference of two logarithms, adapted to two adjacent 
numbers, is to the difference of theſe numbers, in a proportion greater 
than 1000 bears to the greater of thoſe numbers, but leſs than that of 
1900 to the leſs of the two numbers, 


This 26 prop. is the ſame as Napier's ſecond rule at page 44. 


27 Prop. Having given two adjacent numbers of the 1000 natural 
numbers, with their logarithmic indices, or the meaſures of the pro- 
portions which thoſe abſolute or round numbers conſtitute with ooo 

the greateſt ; the increments or differences of theſe logarithms will be 
to the logarithm of the ſmall element of the proportions, as the ſecants 
of the arcs whoſe cofines are the two abſolute numbers, is to the great- 
eſt number, or the radius of the circle: ſo that, however, of the ſaid two 
'ſecants, the leſs will have to the radius a leſs proportion, than the pro- 
poſed difference has to the firſt of all, but the greater will have a 
reater proportion, and ſo alſo will the mean proportional between the 

id ſecants have 2 greater proportion. | Th 

Thus 
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Thus if BC, C D be equal, alſo d the logarithm of A B, and cd 
the logarithm of AC; then the proportion of bc to cd will be 
greater than the proportion of AG to A D, but leſs than that of 
AF to AD, and alſo leſs then that of the mean proportional be- 
tween AFand AGto A D. 


A BC 
bed 

Corol. 1. The ſame obtains alſo when the two terms differ, not 
only by the unit of the ſmall element, but by another unit which may 
be ten fold, a hundred fold, or a thouſand fold of that. 

Corol. 2. Hence the differences will be obtained ſufficiently exact, 
eſpecially when the abſolute numbers are pretty large, by taking the 
arithmetical mean between two ſmall ſecants, or (if you will be at 
the labour) by taking the geometrical mean between two larger ſecants, 
and then by continually adding the differences, the logarithms will 
be produced, 

Corel. 3. Precept. Divide the radius by each term of the aſſigned 
proportion, and the arithmetical mean (or ſtill nearer the geometrical 
mean) between the quotients will be the required increment, which 
being added to the logarithm of the greater term, will give the loga- 
rithm of the leſs term, © 


Example. 


F 
Let there be given the logarithm of 700, viz. 35667-4948, to find the logarithm to 699- 
Here radius divided by 700 gives 1428571 &c. 
and divided by 699 gives 1430672 &c, 
the arithmetic mean is 142.962 
which added to 35667.4948 


gives the logarithm to 699 35810.4568 


Corol. 4. Precept for the logarithms of ſines. | 
The increment between the logarithms of two fines, is thus found : 
find the geometrical mean between the coſecants, and divide it by the 
difference of the fines, the quotient will be the difference of the 
logarithms, 
Example. 


o 17 fine 2909 coſec. 343774682 The quotient Sooo exceeds the require 
© 2 fine 5818 coſec. 171837319 fed increment of the logarithms, becauſe the 


dif. 2909 geom. mean 2428 nearly. Ilſecants are here ſo large. 


Appendix. Nearly in the ſame manner it may be ſhewn, that the 
ſecond differences are in the duplicate proportion of the firſt, and the 
third in the duplicate of the ſecond. Thus for inſtance, in the be- 
ginning of the logarithms the firſt difference is 100.00000, viz. equal 
to the difference of the numbers 100000.00009 and 99900.00000 ; the 
ſecond, or difference of the differences, 10000; the third 20. Again 
after arriving at the number 50000.00000, the logarithms have for a 
difference 200.00000, which is to the firſt difference, as the number 
100000.00000 to 50000.00000 ; but the ſecond difference is 40000, in 
which 10000 is contained four times; and the third 328, in which 20 
is contained ſixteen times. But ſince in treating of new matters we 
labour under the want of proper words, wherefore leaſt we ſhould be- 
come too obſcure, the demonſtration is omitted untried. 

28 Prep. 
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28 Prop. No number expreſſes exactly the meaſure of the propor- 
tion, between two of the 1000 numbers, conſtituted by the foregoing 
method. 

29 Prop. If the meaſures of all proportions be expreſſed by numbers 
or logarithms; all proportions will not have affigned to them their due 
portion of meaſure, to the utmoſt accuracy. | 

o Prop. If to the number 1000, the greateſt of the chiliad, be 
referred others that are greater than it, and the logarithm of 1009-be 
made o, the logarithms belonging to thoſe greater numbers will be 
negative. 

his concludes the firſt or ſcientific part of the work, the princi- 
ples of which Kepler applies, in the ſecond part, to the actual conſtruc- 
tion of the firſt 1000 logarithms, which is pretty minutely deſcribed. 
This part is entituled A very compendious method of conſtructing the Chi- 
liad of Logarithms; and it is not improperly ſo called, the method 
being very conciſe and eaſy. The fundamental principles are briefly 
theſe: That at the beginning of the logarithms, their increments or 
differences are equal to thoſe of the natural numbers: that the natural 
numbers may be conſidered as the decreaſing coſines of increaſing 
arcs : and that the ſecants of thoſe arcs at the beginning have the ſame 
differences as the coſines, and therefore the ſame differences as the 
logarithms. Then, ſince the ſecants are the reciprocals of the coſines, 
by theſe principles and the third corol. to the twenty-ſeventh pro- 

ſition, he eſtabliſhes the following method of conſtituting the 100 
firſt or ſmalleſt logarithms to the 100 largeſt numbers, 1000, 999, 
998, 997, &c to goo. viz. Divide the radius 1000, increaſed with 
ſeven ciphers, by each of theſe numbers ſeparately, diſpoſing the quo- 
tients in a table, and they will be the ſecants of thoſe arcs which 
have the diviſors for their coſines; continuing the diviſion to the 

Zth figure, as it is in that place only that the arithmetical and geo 
"metrical means differ. Then by adding ſucceſſively the arithmetical 
means between every two ſucceſſive ſecants, the ſums will be the ſeries 
of logarithms. Or by adding continually every two ſecants, the 
ſueceſſive ſumg will be the ſeries of the double logarithms. 

Beſides theſe 100 logarithms, thus conſtructed, he conſtitutes two 
others by continual biſection, or extractions of the ſquare root, after 
the manner deſcribed in the ſecond poſtulate, And firſt he finds the 
Jogarithm which meaſures the proportion between 100000.00 and 

: 97656.25, which latter term is the third proportional to 1024 and 
1000, each with two ciphers; and this is effected by means of twenty- 
four continual extraCtions of the ſquare root, determining the greateſt 
term of each of twenty-four clafies of mean — ; then the 
difference between the greateſt of theſe means and the firſt or whole 
. gumber 1009, with ciphers, being as often doubled, there ariſes 
2371-6526 for the logarithm ſought, which made negative is the lo- 
garithm of 1024. Secondly, the like proceſs is repeated for the pro- 
Portion between the numbers 1000 and 500, from which ariſes 
99 14-7193 for the logarithm of 500; which he alſo calls the logar- 
ithm of duplication, being the meaſure of the proportion of 2 to 1. 
_ Then 
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Then from the foregoing; he derives all the other logarithms in the 
chiliad, beginning with thoſe of the prime numbers 1, 2, 3, 5, 7, &c, 
in the firſt 100, And firlt, ſince 1024, 512, 256, 128, 64, 32, 16, 8, 
4, 2, 1, are all in the continued proportion of 1000 to 500, therefore 
the proportion of 1024 to 1 is decuple of the proportion of 1000 to 
500, and conſequently the logarithm of 1 would be decuple of the 
logarithm of 500, if o were taken as the logarithm of 1024 ; but ſince 
the logarithm of 1024 is applied negatively, the logarithm of t muft 
de diminiſhed by as much: diminiſhing therefore 10 times the logar- 
ithm of 500, which is 693147-1928, by 2371.6526, the remainder 
690775-5422 is the logarithm of 1, or of 100,00 what is ſet down in 
the table, Nos. | Logarithms. 


And becauſe 1, 10, 100, 1000, are continued pro- gi 2.75814 
| ; of 460517.0282 

portionals, therefore the proportion of 1000 to 1 is i] 69077 5.6422 

triple of the proportion of 1000 to 100, and conſe- 1 921034. 0863 

quently 3 of the logarithm of 1 is to be put for the 

* of 100, viz. 230258.5141, and this is | 

alſo the logarithm of decuplication, or of the pro- | 

rtion of 10 to I. And hence multiplying this logarithm of 100 
ſucceſſively by 2, 3, 4, 5, 6, and 7, there ariſe the logarithms to the 
numbers in the decuple proportion, as in the margin, 

Alſo if the logarithm of duplication, or of the Log. of 1 
proportion of 2 to 1, be taken from the logarithm | of 2 to 1 
of 1, there will remain the logarithm of 2; and log. of z 
from the logarithm of 2 taking the logarithm of flog. of 10 
19, there remains the logarithm of the proportion of 5 to 1 
of 5 to 1; which taken from the logarithm of 1, | log of 5 
there remains the logarithm of 5; dee the margin. | 

For the logarithms of other prime numbers he has recourſe to thoſe of 
ſome ofthe firſt or greateſt century of numbers, before found, viz. of ggg, 
998, 997, &c. And firſt, taking 960, whoſe logarithm is 4082. 20013 
then by adding to this logarithm the logarithm of duplication, there 
will ariſe the ſeveral logarithms of all theſe numbers, which are in 
duplicate proportion continued from 960, namely 480, 240, 120, 60, 
2 15. Hence the logarithm of 3o taken from the logarithm of 10, 

eaves the logarithm of the proportion of 3 to1; which taken from 
the logarithm of 1, leaves the logarithm of 3, viz. 5809143106. 
And the double of this diminiſhed by the logarithm of 1, gives 
471053.0790 for the logarithm of . e 

Next, from the logarithm of 990, or 9 x 10 * 11, which is 
1005. 0331, he finds the logarithm of 11, namely, ſubtract the ſum 
of the logarithms of 9 & 10 from the ſum of the logarithm of 9go and 
pena the logarithm of 1, there remains 450986.0106 the logarithm 
of 11. 

Again, from the logarithm of 980, or 2 x 10 x 7 x 7, Which is 
2920.2711, he finds 496184. 5228 for the logarithm of 7. (ty 

And from 5129.3303 the logarithm of 950 or 5 & 10 & 19, he finds 
30633 1.6392 fot the logarithm of 19, phages ; 
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In like manner the logarithm 
to 998 or 4 x 13 x 19, gives the logarithm of 133 
to 969 or 3 x 17 Xx 19, gives the logarithm of 17; 
to 986 or 2 x 17 Xx 29, gives the logarithm of 29 ; 
to 966 or 6 x 7 x 23, gives the logarithm of 23 ; 
to 930 or 3 * 10 * 31, gives the logarithm of 31. 

And ſo on for all the primes below ic, and for many of the 
primes in the other centuries up to 900. After which he directs 
to find the logarithms of all numbers compoſed of theſe, by the pro- 
per addition and ſubtraction of their logarithms, namely, in finding 
the logarithm of the product of two numbers, from the ſum of the 
logarithms of the two factors take the logarithm of 1, the remainder 
is the logarithm of the product. In this way he ſhews that the logar- 
ithms of all numbers under 500 may be derived, except thoſe of the 
following 36 numbers, namely 127, 149, 167, 173, 179, 211, 223, 
251, 257, 203, 269, 271, 277, 281, 283, 293, 337, 347, 349» 353, 


359» 367, 373, 379, 383, 359, 397, 401, 499, 419, 421, 431, 433» 
es the compoſite numbers between 500 


and oo, made up of the products of ſome numbers whoſe logarithms 
have been before determined, there will be 59 primes not compoſed 
of them; which with the 36 above mentioned, make 95 numbers in 
all not compoſed of the products of any before them, and the logar- 
ithms of which he directs to be derived in this manner; namely, by 
conſidering the differences of the logarithms of the numbers inter- 
ſperſed among them; then by that method by which were conſtituted 
the differences of the logarithms of the ſmalleſt 100 numbers in a con- 
tinued ſeries, we are to proceed here in the diſcontinued ſeries, that 
is, by prop. 27, corol. 3, and eſpecially by the appendix to it, if it 
be rightly uſed, from whence thoſe differences will be very eaſily 
ſu ple » o 

| "This cloſes the ſecond part, or the actual coſtruction of the logar- 
ithms; after which follows the table itſelf, which has been before 
deſcribed, pa. 31. Before I diſmiſs Kepler's work, however, it may 
not be improper in this place to take notice of an erroneous property 
laid down by him in the appendix to the 27th prop. juſt now referred 
to; both becauſe it is an error in principal, tending to vitiate the 
practice, and becauſe it ſerves to ſhew that Kepler was unacquainted 
with the true nature of the orders of differences of the logarithms, 
notwithſtanding what he ſays above with reſpect to the conſtruction 
of them by means of their ſeveral orders of differences, and that con- 
ſequently he has no legal claim to any ſhare in the diſcovery of the 
differential method, known at that time to Briggs, and it would ſeem 
to him alone, it being publiſhed in his logarithms in the ſame year 
1624, as Kepler's book, together with the true nature of the logar- 
ithmic orders of differences, as we ſhall preſently ſee in the following 
account of his works. Now this error of Kepler's, here alluded to, 
is in that expreſſion where he ſays the third differences are in the 
duplicate ratio of the ſecond differences, like as the ſecond differences 
are in the duplicate ratio of the firſt; or, in other words, that the 
third differences are as the ſquares of the ſecond differences, as well as 
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me ſecond differences as the ſquares of the firſt; or that the third 
differences are as the fourth powers of the firſt differences. Whereas 
in truth the third differences are only as the cubes of the firſt differen- 
ces. Kepler ſeems to have been led into this error by a miſtake in bis 
numbers, viz. when he ſays in that appendix, that the third difference 
is 328, in which 20 is contained 16 times; for when the numbers are 
accurately computed, the third difference comes out only 161, in 
which therefore 20 is contained only 8 times, which is the cube of 
2, the number of times the one firſt difference contains the other. 
It would hence ſeem that Kepler had haſtily drawn the above errone- 
ous principle from this one numerical example, or little more, falſe as 
it is: for had he made the trial in many inſtances, although errone- 
ouſly computed, they could not eaſily have been ſo uniformly ſo, as 
to afford the ſame falſe concluſion. And therefore from hence, and 
what he ſays at the concluſion of that appendix, it may be infered 
that he either never attempted the demonſtration of the property in 
queſtion, or elſe that he found himſelf embarraſed with it, and un- 
able to accompliſh it, and therefore diſpatched it in the ambiguous 
manner in which it appears. | 

But it may eaſily be ſhewn, not only that the third differences of the 
Jogarithms at different places, are as the cubes of the firſt differences; 
but, in general, that the numbers in any one and the ſame order of 
differences, at different places, are as that power of the numbers in 
the firſt differences, whoſe index is the ſame as that of the order; or 
that the ſecond, third, fourth, &c, differences, will be as the ſe- 
cond, third, fourth, &c, powers of the firſt differences. For the 
ſeveral orders of differences, when the abſolute numbers differ by 
indefinitely ſmall parts, are as the ſeveral orders of fluxions of the 


logarithms ; but if x be any number, then — is the fluxion of the 
* " 

logarithm of x, to the modulus m, and the ſecond fluxion, or the flux- 

ion of this fluxion, is — _ ſince # is conſtant; and the third, 


* | 
fourth, &c, fluxions, are 2 — 4 — =, &c; that is, the firſt, ſe- 


cond, third, fourth, fifth, ſixth, &c, orders of fluxions, are equal to 
the modulus m multiplied into each of theſe terms, = , ==" — 


*4 28 -6 
* = 2 _ 2 n „ &c, where it is evident 
that the fluxion of any order, is as that power of the firſt fluxion, whoſe 
index is the ſame as the number of the order. And theſe quantities 
would actually be the ſeveral terms of the differences them ſelves, if 
the differences of the numbers were indefinitely ſmall. But they vary 
the more from them, as the differences of the abſolute numbers differ 
from *, or as the ſaid conſtant numerical difference 1, approaches 
towards the value of x the number itſelf. However, upon the whole, 
the ſeveral orders vary 6 ſo as ſtill ſenſibly to 3 


TY 
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the ſame analogy, namely that two nth differences are in proportion 
as the zth powers of their reſpective firit differences, 


Of Briggs's Conſtruction of his Logari thms., 


Nearly according to the methods deſcribed in page 47, Mr. Briggs 
A the logarithms of the prime numbers, as appears from his 
relation of this buſineſs in the Arithmertica Logarithmica, printed in 
1624, where he details, in an ample manner, the whole conſtruction 
and uſe of his logarithms. The work is divided into thirty-two chap- 
ters or ſections. In the firlt of theſe, logarithms in a general ſenſe are 
defined, and ſome properties of them illuſtrated, In the ſecond chap- 
ter he remarks, that it is moſt convenient to make o the logarithm of 
1; and on that ſuppoſition he exemplifies theſe following properties, 
namely, that the logarithms of all numbers are either the indices o 
powers, or proportional to them ; that the ſum of the logarithms of 
two or more factors, is the logarithm of their product; and that the 
difference of the logarithm of two numbers, is the logarithm of their 
quotient, In the third ſection he ſtates the other aſſumption which is 
neceſſary to limit his ſyſtem of logarithms, nafnely, making 1 the 
logarithms of 10, as that which produces the moſt convenient form of 
logarithms ; He hence alſo takes occaſion to ſhew that the powers of 
10, namely 100,1000, &c, are the only numbers which can have 
rational logarithms. The fourth ſection treats of the charaQeriſtic ; 
by which name he diſtinguiſhes the integral, or firſt part, of a loga- 
rithm towards the left-hand, which expreſſes one leſs than the num- 
ber of integer places or figures in the number belonging to that logar- 
itkm, or how far the firſt figure of this number is removed from the 

lace of units; namely, that o is the characteriſtic of the logarithms 
of all numbers from 1 to10; and 1 the characteriſtic of all thoſe from 
10 to 100; and 2 that of thoſe from 100 to 1000; and ſo on. 

He begins the fifth chapter with remarking, that his logarithms 
may chiefly be conſtructed by the two methods which were mentioned 
by Napier, as above related, and far the fake of which he here pre- 
miſes ſeveral lemmata, concerning the powers of numbers and their 
Indices, and how many places or figures are in the products of num- 
bers, obſerving that the product of two numbers will conſiſt of as 
many figures as there are in both factors, unleſs perhaps the product 
of the firſt figures in each factor be expreſſed by one figure only, 
which often happens, and then commonly there will be one figure in 
the product leſs than in the two factors; as alſo that, of any two of 
the terms, in a ſeries of geometricals, the reſults wil] be equal by 
raiſing each term to the power denoted by the index of the other; or 
any number raiſed to the power denoted by the logarithm of the 
other, will be equal to this latter number raiſed to the power denoted 
by the logarithm of the former ; and conſequently if the one number 
be 10, whoſe logarithm is 1 with any number of ciphers, then any 
number raiſed to the power whoſe index is 1000 &c, or the logarithm. 
of 10, will be equal to 10 raiſed to the power whoſe index is the lo- 


garithm 
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garithm of that number; that is, the logarithm of any number in 
this ſcale, where' 1 is the logarithm of 10, is the index of that 


power of 10 which is equal to the given number. 8 
is one leſs than the number of places in 
other number, which 


any integral power of 10, 


that power, conſequently the logarithm of an 


6g 


But the index of 


is no integral power of 10, is not quite one leſs than the number of 
places in that power of the given number whoſe index is 1000 &c, or 


the logarithm of 10. 


Find therefore the 10th, or 100th; or 1000th, &c, power of any 
number, as ſuppoſe 2, with the number of figures in ſuch power ; them 
ſhall that number of figures always exceed the logarithm of 2, althoꝰ 
the exceſs will be — y leſs than 1. | 


An example of this procels is 
here given in the margin; where 


the 1ſt column contains the ſev- 


eral powers of 2, the 2d their 
correſponding indices, and the 
3d contains the number of pla- 
ces in the powers in the firſt 
column ; and of theſe numbers 
in the third column, ſuch as 
are on the lines of thoſe indices 
that conſiſt of 1 with ciphers, 
are continual approximations 
to the logarithm of 2, being 
always too ou by lefs than 
I in the laſt figure, that logar- 
ithm being 30102999566398 &c. 

And here ſince the exact 


powers of 2 are not required, |. 


but only the number of figures 
they conſiſt of, as ſhewn by 
the third column, only a few 


of the firſt figures of the powers 


in the firſt column are retained, 
thoſe being ſufficient to deter- 
mine the number of places in 
them ; and the multiplications 
in raiſing theſe powers are per- 
formed in a contracted way, 
ſo as to have the fifth or laſt 
+ ju in them true to the near- 
eſt unit. Indeed theſe multi- 
plications might be performed 
in the ſame manner, retaining 
only the firſt three figures, and 
thoſe to the neaieft unit in the 
third place; which would make 
this a very eaſy way indeed of 
fading the logarithms of a few 
prime numbers. 


Powers | Indi o. of places, 
2 1 1 — 
4 ©. x 
5 4 2 
25 8 l 3 
1024 | 10 | 4 log. of 2 
| | 8 
rode 12 7 log. of 
10995 | 42 13 log. of 16 
12089 | 8 | 25 log. of 25 
12676 | 100 | gr log. of > 
— 4 61 log. of 4 
25823 | 400 121 log. 16 | 
66680 800 241 log. 256 
10715 | 1000 30a log. 2 ; 
11481 2000 503 log. 4 
13182 | 4000 1205 log. 16 
17377 8000 | 2409 L 256 5 
19950 10000 3011 log. 2 
39803 | 20000 bo21 log. 4 
| 15843 | 40000 12042 log. I 
25099 80000 | 24083 L 256 
99900 I 00000 by 1 39103 log. 2 
9980 | 200000 50200 l. 4 
99601 4000 ag 8 
99204 800000 24 24 © ; 
99006 | 1000000 TIS 
g8023 | 2000000 | bazobo 
9608 5 | 4000000 | 1204120 | 
92323 $000000 2408240 | 
90498 | 10000000 | 3010300 
81899 20000000 | bozoboo | 
6707 5 40000000 12041200 | 
44990 | 80000000 | 24082400 
36846 100000000 | 30103000 , 
13577 | 200000000 | bozobaga | 
18433-| 400000000 | 120411999 
33977. | 860000000 240823997 
| 46129 1000000000] 301029996 = 
8 as 


1 
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It may alſo be remarked, that thoſe ſeveral powers, Whoſe indices 
are I With ciphers, are raiſed by thrice ſquaring from the former 
powers, and multiplying the firſt by the third of theſe ſquares ; ma- 
king alſo the correſponding doublings and additions of their indices : 
thus, the ſquare of 2 is 4, the ſquare of 4 is 16, the ſquare of 16 is 
256, and 256 multiplied by 4 is 1024 ; in like manner, the double of 
1 is 2, the double of 2 is 4, the double of 4 is 8, and 8 added to 2 
makes 10. And the ſame for all the following powers and indices. 
The numbers in the third column, which ſhew how many places 
are in the correſponding powers in the firſt column, are produced in 
the very ſame way as thoſe in the ſecond column, namely, by three 
duplications and one addition; only obſerving to ſubtract 1 when the 
product of the firſt figures are expreſſed by one figure, or when the 
firſt figures exceed thoſe of the number or power next above them. 
It may farther be obſerved that, like as the firſt number in each qua- 
ternion, or ſpace of four lines or numbers, in the third column, ap- 
proximates to the logarithm of 2, the firſt number in the firſt quater- 
nion of the firſt column ; ſo the ſecond, third, and fourth terms of 
each quaternion in the third column, approximate to the logarithm of 
4, 16, and 256, the ſecond, third, and fourth numbers in the firſt 
quaternion of the firſt column. And moreover, by cutting off one, 
two, three, &c, figures, as the index or integral part, from the ſaid 
Jogarithms of 2, 4, 16, and 256, the firſt, ſecond, third and fourth 
numbers in the firſt quaternion of the firſt column, the remaining 
figures will be the decimal part of the logarithms of the correſponding 
fiſt, ſecond, third, and fourth numbers in the following ſecond, 
third, fourth, &c, quaternions : the reaſon of which is, that any 
number of any quaternion in the firſt column, is the tenth power of 
the correſponding term in the next preceding quaternion. So that 
the third column contains the logarithms of all the numbers in the 
firſt column : A property which, if Dr. Newton had been aware of, 
he could not well have committed ſuch groſs miſtakes as are found 
in a table of his ſimilar to that above given, in which moſt of the 

numbers in the latter quaternions are totally erroneous ; and his con- 
fuſed and imperfe& account of this method, would induce one to 
believe that he did not well underſtand it. 
In the fixth chapter our illuſtrious author begins to treat of the 
other general method of finding the logarithms of prime numbers, 
which he thinks is an eaſier way than the former, at leaſt when the 
logarithm is required to a great many places of figures. This method 
conſiſts in taking a great number of continued geometrical means 
between 1 and the given number whoſe logarithm is required ; that 
is, firſt extracting the ſquare root of the given number, then the 
root of the firſt root, the root of the ſecond root, the root of the 
third root, and fo on till the laſt root ſhall exceed 1 by a very ſmall 
decimal, greater or leſs according to the intended number of adore 
to be in the logarithm ſought: Then finding the logarithm of this 
ſmall number, by methods deſcribed below, he doubles it as often as he 
made extractions of the ſquare root, or, which is the ſame thing, he 
1 multiplies 
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multiplies it by ſuch power of 2 as is denoted by the ſaid number of 
extractions, and the reſult is the required-logarithm of the given 
number; as is evident from the nature of logarithms, The rule to 
know how far to continue this extraction of roots is, that the number 
of decimal places in the laſt root be double the number of true places 
required to be found in the logarithm, and that the firſt half of them 
be ciphers; the integer being 1: The reaſon of which is, that then 
the ſignificant figures in the deeimal, after the ciphers, are directly 
proportional tq thoſe in the correſponding logarithms ; ſuch figures 
in the natural number being the half of thoſe in the next preceding 
number, like as the J 5. a of the laſt number is the half of the 
preceding logarithm. Therefore, any one ſuch ſmall number, with 
its logarithm, being onge found, by the continual extractions of 
ſquare roots out of a given number, as 10, and correſponding biſec+ 
tions of its given logarithm 1; the logarithm for any ether ſuch ſmall 
number, derived by like continual extractions from another given 
number, whoſe logarithm is ſought, will be found by ane ſingle pro- 
portion: which logarithm is then to be doubled according to the 
number of extractions, or multiplied at once by the like power of 2, 


for the logarithm of the number propoſed. | | ro, given no. '1, its log. 
To find the firſt ſmall number and its 3162277 &c| 05 © 
logarithm, our author begins with the 1778279 | o25 f 
number 10 and its logarithm 1, and ex- 1.333521 Jong | 
tracts continually the root of the laſt r*15478r | o0625 | 
number, and biſects its logarithm, as 1*07400 —_— 
here regiſtered in the margin, but to far &c- Le- J 
more places of figures, till he arrives at the 53d and 54th roots, with 
their annexed logarithms, as here below ; 


4a vw 1» » 


Numbers, | Logarithms. | 
$3] 1:00000,00000,00000,2 5 563,$2936,40064,70 |0200000,00000,00000, 11 102, 23024, 62 5 1 6, 654 
$4|1-00000,00000,00000,1278 1,9149 3,20032,35|0*00000,00000,00000,05551,11512,31257,82504 


Where the decimals in the natural numbers are to each other in the 
ratio of the logarithms, namely in the ratio of 2 to 1 : and therefore 
any other ſuch ſmall number being found, by continual extraction or 
otherwiſe, it will then be as 12781 &c, is to 5551 &c, ſo is that other 
ſmall decimal, to the correſponding ſignificant figures of its logar- 
ithm. But as every repetition of this proportion requires both 2 
very long multiplication and diviſion, he reduces this conſtant ratio 
to another equivalent ratio whoſe antecedent is 1, by which all the 
diviſions are ſaved : thus, | | 

as 12781 &: 5551 &c : : 1000 &: 434294481903251804,z 
that is, the logarithm of 1'00000,00000,00000,1 | 

is 0'00000,00000,00000,04242,94481,90325,1804 ; 
and therefore this laſt number being Sulkeipite by — ſmall 
decimal, found as above by continual extraction, the product will 
be the correſponding logarithm of ſuch laſt root. 

But as the extraction of ſo many roots is a very troubleſome ope- 
Fation, our author deviſes ſome ingeniqus contrivances to a that 
2 


— 


&c be the logarithm of 1024: and laſtly, be- | 
cauſe 2 is the tenth root of 1024, divide by 10, 1024 

ſo ſhall 0,30102,99956,63981,1952 be the 1048576 

logarithm required to the given number 2. 1073741824 [30 
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labour. And firſt, in the 7th chapter, by the following device, to 
have fewer and eaſier extractions to perform: namely, raiſing the 
powers from any given prime number, whole logarithm is ſought, 
till a power of it be found ſuch that its firſt figure on the left hand is 
x, and the next to it either one or more ciphers ; then, having di- 
vided this power by 1 with as many ciphers as it has figures after the 
firſt, or ſuppoſing all after the firſt to be decimals, the continual 
roots from this power are extracted till the decimal become ſufficiently 
ſmall, as when the firſt fifteen places are ciphers ; and then by mul- 
tiplying the decimal by 43429 &c, we have the logarithm. of this laſt 
root; which logarithm multiplied by the like power of the number 
2, gives the logarithm of the firſt number from which the extrac- 
tion was begun: to this logarithm prefixing a 1, or 2, or 3, &c, ac- 
cording as this number was found by dividing the power of the given 
prime number by 10, or 100, or 1009, &c; and laſtly, dividing the 
reſult by the index of that power, the quotient will be the required 
logarithm of the given prime number, Thus, to find the | 
Jogarithm of 2: it is firſt raiſed to the 10th power, as in 
the margin, before the firſt figures come to be 10; then, di- 

viding by 1000, or cutting off for decimals all the figures 

after the firſt or 1, the root is continually extracted from the 
quotient 1,024, till the 47th — which gives 

I, oooco, ooooo, ooo, 1685 1, 60570, 539049, 77; the decimal 

part of which multiplied by 43429 &c, gives 2 
o, oo, oo, ooo, o 318, 5 5936, 90623, 9368 for its log- ; 
arithm: and this being continually doubled for 47 times, 

will give the logarithms of all the roots up to . 
the firſt number : or being at once multiplied 
by the 47th power of 2, viz. 1407 37488355328, 
which is raiſed as in the margin, it gives | 
©,01029,99566, 39811,95265,27744 for the 

logarithm of the number 1,024, true to 17 or 
18 decimals: to this prefix 3, ſo ſhall 2 | 


The logarithms of 1, 2, and 10 being now | 1099511627776 [40 
known; it is remarked that the logarithm 1:49737488355328 [47 
of 5 becomes known; for ſince 10 2 is = 5, therefore log. 10— 
log. 2 = log. 5, which is 0,69897,0004 3, 30018, 8058; and that from 
the multiphcations and diviſions of theſe three 2,5,10, with the cor- 
reſponding additions and ſubtractions of their logarithms, a multitude 
of other numbers and their logarithms are produced; ſo from the 
powers of 2 are obtained 4, 8, 16, 32, 64, &c; from the powers of 5 
theſe 25, 125, 625, 3125, &c; alſo the powers of 5 by thoſe of 10 
give 250, 1250, 6250, &c ; and the powers of 2 by thoſe of 10 give 
20, 200, 2000, & c; 40, 400, 80, 800, &c; likewiſe by diviſion are 
obtained 22, 14, 127, 64, 13, 35» 042 &. ; 1 

2 
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He then obſerves that the logarithm of 3, the next prime number, 
will be beſt derived from that of 6, in this manner: 6 raiſed to the 
gth power becomes 10077690, which divided by 10000000, gives 
1,0077696, and the root from this continually extracted till the 46th, 
is 1,00000,00000,00000, 10998, 59345,88155,71866; the decimal 
part of which multiplied by 43429 &c, gives 
0,00000,00000,00000,04776,02844,78608,0304 for its logarithm ; 
and this 46 times doubled, or multiplied by the 46th power of 2, gives 
0,00336,125344527924069 for the logarithm of 1,0077696 ; to which 
adding 7, the logarithm of the diviſor 10000000, and dividing by 
9, the index of the power of 6, there reſults 0,77815,12503,8364 3,03 
for the logarithm of 6; from which ſubtracting the logarithm of 2, 
there remains 0,47712,12547,19662,44 for the logarithm of 3. 

In the eighth chapter our ingenious author deſcribes an original 
and eaſy method of conſtructing, by means of differences, the con- 
tinual mean proportionals which were before found by the extraction 
of roots. And this, with the other methods of generating logarithms 
by differences, in this book as well as in our author's 4 
Britannica, are I believe the firſt inſtances that are to be found of 
making ſuch uſe of differences, and ſhew him to have been the in- 
ventor of what may be called the Differential Method. He ſeems to 
have diſcovered this method in the following manner: Having ob- 
ſerved that theſe continual means between 1 and any number propo- 
ſed, found by the continual extraction of roots, approach always 
nearer and nearer to the halves of each preceding root, as is viſible 
when they are placed together under each other; and indeed it is 
found that as many of the ſignificant figures of each decimal part, as 
there are ciphers between them and the integer 1, agree with the half 
of thoſe above them; I ſay, having obſerved this evident approxi- 
mation, he ſubtracted each of theſe decimal parts, which he called 
A or the firſt differences, from half the next preceding one, and by 
comparing together the remainders or ſecond differences, called B, 
he found that the ſucceeding were always nearly equal to 3 of the 
next preceding, ones ; then taking the difterence between each ſecond 
difference and 4 of the preceding one, he found that theſe third dif- 
ferences, called C, were nearly in the continual ratio of $ to 1; again 
taking the difference between each C and of the next preceding, he 
= found that theſe fourth differences, called D, were nearly in the con- 
tinual ratio of 16 to 1; and fo on, the 5th (E), 6th (F), &c, diffe- 

rences, being nearly in the — ratio of 32 to 1, of 64 to 1, &c : 
theſe 
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theſe plain obſervations be- 
ing made, they very natu- 
rally and clearly ſuggeſted 
to him the notion and 
method of conſtructing all 
the remaining numbers 
from the differences of a 
few of the firſt, found by 
extracting the roots in the 
uſual way. This will evi- 
dently appear from the 
annexed ſpecimen of a few 
of the firſt numbers in the 
laſt exarhple for finding 
the logarithm of 6 ; where 
after the gth number the 
reſt are ſuppoſed to be con- 
ſtructed from the preceding 
differences of each, as here 
ſhewn in the 1oth and 
Iith. And it is evident 
that, in proceeding, the 
trouble will become al- 
ways leſs and lefs, the dif- 
ferences gradually vaniſh- 
ing, till at laſt only the 
firſt differences remain. 
And that generally each 
teſs difference is ſhorter 
than the next greater, by 
as many places as there are 


ciphers at the beginning of 


the decimal in the number 
to be generated from the 
differences. 

' He then concludes this 
chapter with an ingenious, 
but not obvious, methed 

of finding the differences 
B, C, D, E, &c, belonging 
to any number, as ſuppoſe 
the gth, from that number 
itſelf, independent of any 
of the preceding 8th, 7th, 
Gth, 5th, &c; and it is 


this: Raiſe the decimal A to the 2d, 3d, 4th, 5th, &c powers; 
(B), 3d (C), 4th (D), &c differences, be as here 


then will the 2d 
below, viz. 
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1,00776,96 

1,00337,72333,36962,45663,34655,1 
1,00193,57661,36946,61675,37022,9 
100090, 79 146, 39099, 01728, 89072, 
1,00048, 38402, 68846, 6298 5,492 53,5 


Www H =» 


1,00024,13908,75824,08563,80872,7 
24,19201,3442 3,31492,74020,7 
292,55598,02923,937 54-0 


1,90012,09331,26397, 13459439194 
12,09454,39412,34251,90436,3 
73,13915,20822,46516,9 
73,13899,65732,23438,5 
$884,44909,7692 1,5 


1,00006,046072,35055,30908,01600,5 
| 6,04690,63198,55729,71959,7 
18,23143,25761,7035992 
18,23253,$0205,61629,2 

110,54443,91270,0 
l d 110,5 56132118, 
1169.808458, 2 


1,00003,02331,00505995775490479,4 
31x02 336,17527,05484,00500,2 
445702 1,99723,04320,8 
457035,81440,42 330,8 
I3,$1732,33269,0 

13,$1805,43908,7 

73,19639,7 

. 73,11302,8 

| 663,1 


1, 0001,51 658522256 n 
1,5 1165, 80252, 82887,98239,7 
. I,14253,77215,0319099 
Hitherto the 1,14255,49927,01080,2 
ſmaller differences 1,72711,97889,3 
are found by ſub- 41,72716,54783,6 
tracting the larger from 4,55394,3 
the parts of the like pre- 4,56915,0 
ceding ones. 20,7 


10 


Here the greater differences 
remain after ſubtracting 

the ſmaller from the parts 
of the difference of 
the next preceding 
number. 


65 
2855589 - 
28555,24 
21538,997 36,16 
21588,71180,92 
28563,44303,75797972 
28563,22715,04616,80 

75582, 32909, 528 36,47 524,40 
1,00500,75552,04436,39121,42907,60 


11 


2 

1784,70 

1784,68 

2698,58897,62 

| 2698,57112,94 
*140,80678,761 54,20 
7140.77989,19041,26 
37791,02218,15060,71453,%0 
I,00000, 37790495077, 37030,52412,54 


A, 

ATA, 

.. ATA TNA AT rA, | . 
... . 2iA5%+ 7A%þ 103SAUþ 128 At 21319 712A, 
.. 3A 81A 296 27A ＋ 83488; A% 19537 Ae. 
F . 122 CAT TS OH TAT TIAMAT 6835 rA &. 


\1 
12 


Nee 


EET SS „ 193797 AN +471 SAT 7068451493" Ke. 
65 : Y p .. 549028, A%+2558465333;3A Kc, 
"2 . . „ . . 2 | ; 280; Re. 
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Thus in the gth number of the foregoing example, omitting the 
' ciphers at the beginning of the decimals, we have | | 


A 1,81 164.6590909, 0867 2,95048,8 

A* = * 728725.5448883876726 

A - - += $3,45422,05239,48546,2 
A <- - - - - =- $,22156,97802,288 
A= © „„ - %* $0316,8205 
A*= - © „1193168, 
&c. 


Conſequently | 
2 = 1,14253,77215,03190,8363 =B 


24 - 1,72711,32619,74273 
Ja Ky - 65269.62225 


e 
ZA + ZA* 1,72711,97889, 36498 = C 
ZA. 4450887,35577 
2A5 - - 6,90652 
„„ 
JA*+3A5 + A' 4, 56894, 26234 =D 
22 - - 20,7957 
{> = 0h 
23A5 +4gA® -, 20,2040 E 
which agree with the like differences in the foregoing ſpecimen, - - 


In the ninth chapter, after obſerving that from the logarithms of 
I, 2, 3, 5, and 10, before found, are to be determined, by addltion 
and ſubtraction, the logarithms of all other numbers which can be 
produced from theſe by multiplication and diviſion ; for finding the 
logarithms of other prime numbers, inſtead of that in the ſeventh 
chapter, our author then ſhews another ingenious method of ob- 
taining numbers beginning with 1 and ciphers, and ſuch as to bear 
a certain relation to ſome prime number by means of which its log» 
arithm may be found. The method is this: Find three products ha- 
ving the common difference 1, and ſuch that two of them are produ- 
ced from factors having given logarithms, and the third produced 
from the prime number, whoſe logarithm is required, either multi- 
tiplied by itſelf, or by ſome other 1 whole logarithm is * : 

| 4 | then 


— — 
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then the greateſt and leaſt of theſe three products being muitiplied 
together, and the mean by itſelf, there ariſe two other products alſo 
differing by 1, of which the greater divided by the leſs, gives for a 
quotient 1 with a ſmall decimal, having ſeveral ciphers at the begin- 
ning. Then the logarithm of this quotient being found as before, 
from thence will be deduced the required Jogarithm of the given 
prime number. Thus, if it be propoſed to find the logarithm of the 
prime number 7; here6x 8=48, 7 x 7 = 49, and g x 10 = 5a 
will be the three products, of which the logarithms of 48 and 50, 
the 1ſt and 3d, will be given from thoſe of their factors 6, 8, 5, 10; 
alſo 48 x 50 = 2400, and 49 x 49 = 2401 are the two new products, 
and 2401 + 2400 = 1'000415 their quotient : then the leaſt of 44 


means between 1 and this quotient is 1,00000,00000,00000,02 367, 


908249,04333,0405, which multiplied by 43429 &c, produces 
©,00000,00000,00000,01028,40172,88387,29715 for its logarithm ; 
which being 44 times doubled, or multiplied by 17592186044416, 
produces 0,00018,09183,45421,30 for the logarithm of the quotient 
1,000412; which being added to the logarithm of the diviſor 2400, 
gives the logarithm of the dividend 2401; then the half of this log- 
arithm is the logarithm of 49 the root of 2401, and the half of this 
again gives o, 84 509, 80400, 142 50, 82 for the logarithm of 7 which is 
the root of 49. he author adds another example to illuſtrate this 
method; and then ſets down the requiſite factors, products, and quo- 
tients for finding the logarithms of all other prime numbers up to 
100. | 

The 10th chapter is employed in teaching how to find the logar- 
ithms of fractions, namely by ſubtracting the logarithm of the deno- 
minator from that of the numerator, then the logarithm of the frac- 
tion is the remainder ; which therefore is either abundant or defec- 
tive, that is poſitive or negative, as the fraction is greater or leſs 
than 1.. | 

In the 11th chapter we are ſhewn an ingenious contrivance for very 
accurately finding intermediate numbers to given logarithms, by the 
proportional parts. On this occafion it is remarked, that while the 
abſolute numbers increaſe uniformly, the logarithms increaſe unequally, 
with a decreaſing increment ; for which reaſon it happens, that either 
logarithms or numbers corrected by means of the proportional parts, 
will not be quite accurate, the logarithms ſo found being always too 
ſmall, and the abſolute numbers ſo found too great; but yet ſo how- 
ever as that they approach much nearer to accuracy towards the end 
of the table, where the increments or differences become much 
nearer to equality, than in the former parts of the table. And from 
this property our author, ever fruitful in happy expedients to obviate 
natural difficulties, contrives a device to throw the proportional part, 
to be found from the numbers and logarithms, always near the end of 
the table, in whatever part they may happen naturally to fall. And 
it is this: Rejecting the charadeeriſiic of any given logarithm, whoſe 
number is propoſed to be found, take the arithmetical complement of 
the decimal part, by ſubtracting it from 1,000 &c, the logarithm of 
of 10; then find in the table the logarithm next leſs than this arith- 

| metical 
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metical complement, together with its abſolute number; to this ta- 
bular logarithm add the logarithm that was given, and the ſum will 
be a logarithm neceſſarily falling among thoſe near the end of the ta- 
ble; find then its abſolute number, corrected by means of the pro- 
portional part, which will not be very inaccurate, as falling near the 
end of the table; this being divided by the abſolute number, before 
found for the logarithm next leſs than the arithmetical complement, 
the quotient will be the required number anſwering to the given log- 
arithm; which will be much more correct than if it had been found 
from the proportional part of the difference where it naturally hap- 
pened to fall: and the reaſon of this operation is evident from the 
nature of logarithms. But as this diviſor, When taken as the num- 
ber anſwering to the logarithm next leſs than the arithmetical com- 
plement, may happen to be a large prime number ; it is farther re- 
marked, that inſtead of this number and its logarithm, we may uſe 
the next leſs compoſite number which has ſmall factors, and its log- 
arithm ; becauſe the diviſion by thoſe ſmall factors, inſtead of by t 
number itſelf, will be performed by the ſhort and eaſy way of divi- 
ſion in one line. And for the more eaſy finding proper compoſite 
numbers and their factors, our author here ſubjoins an abacus or liſt 
of all ſuch numbers, with their logarithms and component factors, 
from 10co to 10000 ; from which the proper logarithms and factors 
are immediately obtained by inſpection. Thus, for example, to find 
the root of 10800, or the mean proportional between 1 and 10800: 
The logarithm of 10809 is 4, 03342, 37554, 8695, the half of which is 
2,01671,18777,4347 the — of the number ſought, the arith- 
metical complement of which logarithm is o, 98328, 81222, 5653; now 
the neareſt logarithm to this in the abacus is o, 98227, 12330, 3957, 
and its annexed number is 9600, the factors of which are 2, 6,8; to 
this laſt logarithm adding the logarithm of the number ſought, the 
ſum is 0,99898,31107,8304, Whoſe abſolute number, cortected by 
the proportional part, is 99766, 12651, 6521, which being divided 
continually by 2, 6, 8, the factors of 96, the laſt quotient is 

103,92 304845471; which is pretty correct, the true number being 
103, 923058454133 logo. 

e now arrive at the 12th and 19th chapters, in which our inge- 
nious author firſt of all teaches the rules of the Differential Method, 
in conſtructing logarithms by interpolation from differences. This 
is the ſame method which has fince been more largely treated of by 

later authors, and particularly by the learned Mr, Cotes in his Cano- 
notechnia, How Mr. Briggs came by it, does not well appear, as he 
only delivers the rules, without laying down the principles or in- 
veſtigation of them. He divides the method into two caſes, namely 
when the ſecond differences are equal or nearly equal, and when the 
differences run out to any length whatever. The former of theſe is 
treated in the 12th chapter; and he particularly adapts it to the in- 
terpolating 9 equidiſtant means between two given terms, evidently 
for this reaſon, that then the powers of 10 become the principal mul- 
tipliers or diviſors, and ſo the operations performed mentally, The 
ſubſtance of his proceſs is this ; Having given two abſolute — 
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with their logarithms, to find the logarithms of q arithmetical means 
between the given numbers: Between the given logarithms take the 


1ſt difference, as well as between each of them 45 
and their next or equidiſtant greater and leſs log- "WEL 
arithms ; and likewiſe the 2d differences, or the 25 
two differences of theſe three 1 differences; then 15 
if theſe 2d differences be equal, multiply one of 5 

them ſeverally by the numbers 45, 35, &c, in the 5 
annexed tablet, dividing each product by 1000, 15 
that is cutting off three figures from each; laſtly 25 
to d of the 10 difference of the given logarithms 35 
add ſeverally the firſt five quotients, and ſubtract 172 | 45 
the other five, ſo ſhall the ten reſults be the reſpective iſt differences 
to be continually added, to compoſe the required ſeries of logarithms. 
Now this amounts to the ſame thing as what is at this day taught in 
the like caſe : we know that if A be any term of an equidiſtant ſcries 
of terms, and a, b, c, &c, the firſt of the 1ſt, 2d, 3d, &c, o der of 
differences; then the term z, whoſe diſtance from A is expre ſeꝗ by 
x, will be thus, 2=A+x0 + U .= 2 Kc. And 
if now, with our author, we make the 2d differences equal, then c, a, 
e, &c, will all vaniſh or be equal to o, and z will become barely 


= A+ * 2 ＋ K. —5. * of. terms. The Differences, 


Therefore if we take x rb Db age r- 
ſucceſſively equal to ATT T3 Tb reges 
To5 To 1 , &c, we ſhall x r ar 23 
have the annexed ſeries of | Dee 
terms with their differen- 154 7 d re 5% 
ces, Where it is to be n 
obſerved, that our author 5 eee, 
had reduced the differen- E 3 — 
ces from the 1ſt to the 2d 44 Laudeben tema 


form, as he thought it eaſier to multiply by 5 than to divide by 2. 
Alſo all the laſt terms (x. ) are ſet down poſitive, becauſe in 


the logarithms 6 is negative.——If the two 2d differences be only 
nearly equal, take an arithmetical mean between them, and proceed 
with it the ſame as above with one of the equal 2d differences. —He 
alſo ſhews how to find any one ſingle term, independent of the 
reſt ; and concludes the chapter with pointing out a method of 
finding the proportional part more accurately than before, 

In the 13th chapter our author remarks, that the beſt way of filling 
up the intermediate chiliads of his table, namely from 20000 to 90000, 
is by quinquiſeCtion, or interpoſing four equidiftant means between 
two given terms; the method of performing which he thus particu- 
larly deſcribes. Of the given terms, or logarithms, and two or three 
others on each ſide of them, take the 1ſt, 2d, 3d, & * 


O 
Additive 
products. 


Subductive 
products. 


LOGARITHMS. 71 


till the laſt differences come out equal, which ſuppoſe to be the 5th 
differences: divide the iſt differences by 5, the ad by 25, the 3d by 
125, the 4th by 625, and the 5th by 3125, and call the reſpective 
quotients the iſt, zd, 3d, 4th, 5th mean differences; or, inſtead of 
dividing by theſe powers of 5, multiply by their reciprocals 2, 1g; 
T2559 _— 1883880; that is multiplied by 2, 4, 8, 16, 325, cuttin 
off reſpectively one, two, three, four, ſive figures from the end of the 
products, for the ſeveral mean differences: then the 4th and 5th of 
theſe mean differences are ſufficiently accurate, but the iſt, ad, and 
34 are to be corrected in this manner; from the mean third differen- 
ces ſubtract three times the 5th difference, and the remainders are the 
correct 3d differences; from the mean 2d differences ſubtract double 
the 4th differences, and the remainders are the correct 2d differences; 
laſtly from the mean Iſt differences take the correct 3d differences, 
and + of the 5th difference, and the remainders will be the correct 
firſt differences. Such are the corrections when the differences extend 
as far as the 5th. - However in compleating thoſe chiliads in this 
way, there will be only 3 orders of differences, as neither the 4th nor 
5th will enter the calculation, but will vaniſh through their ſmallneſs : 
therefore the mean 2d and 3d difference will need no correction, and 
the mean firſt differences will be corrected by barely ſubtracting the 
34 from them. Theſe preparatory numhers being thus — all 
the 2d differences of the logarithms required, will be generated 
adding continually, from the leſs to the greater, the conſtant 
difference; and the ſeries of iſt differences will be found by addin 
the ſeveral 2d differences; and laſtly by adding continually theſe 1 
differences to the iſt given logarithm &c, the required logarithmic 
terms will be generated. 

Theſe eaſy rules being laid down, Mr. Briggs next teaches how 
by them the remaining chiliads may beſt be compleated : namely, 
having here the logarithm for all numbers up to 20000, find the log- 
arithm to every 5 beyond this, or of 20005, 20010, 20015, &c, in 
this manner ; to the logarithms of the 5th part of each of thoſe, 
namely 4001, 4002, 4003, &c, add the conſtant logarithm of 5, and 
the ſums will be the logarithms of all the terms of the ſeries 20005, 
20010,20015, &c: and theſe logarithms will have the very ſame dif- 
ferences as thoſe of the ſeries 4001, 4002, 4003, &c ; by means 
of which therefore interpoſe 4 equidiſtant terms by the rules above; 
and thus the whole canon will be eaſily compleated, 

He here alſo extends the rules for correcting the mean differences 
in quinquiſection, as far as the 20th difference; he alſo lays down 
ſimilar rules for triſection, and ſpeaks of general rules for any other 
ſection, but omitted as being leſs eaſy. So that he appears to have 
been poſſeſſed of all that Cotes afterwards delivered in his Cano- 
notechnia ſiue Conflruftio Tabularum per Differentias, drawn from 
the Differential Method, as their general rules exactly agree, Briggs's 
mean and correct differences being by Cotes called round and 
quadrat differences, becauſe he expreſſes them by the numbers 1, 2, 
3, &c, written reſpectivelx in a ſmall circle and ſquare, 11 

T. 
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Mr. Briggs alſo obſerves that the ſame rules equally apply to the 
conſtruction of equidiſtant terms of any other kind, ſuch "as fines, 
tangents, ſecants, the powers of numbers, &c: and farther remarks, that 
of the ſines of three equidifterent arcs, all the remote differences may 
be found by the rule of proportion, becauſe the fines and their 2d, 4th, 
6th, 8th, &c differences are continued proportionals, as are alſo the 
iit, zd, 5th, 7th, &c differences among themſelves ; and like as the 
2d, 4th, 6th, &c differences are proportional to the ſines of the mean 
arcs, ſo alſo are the iſt, 3d, 5th, &c differences proportional to the 
coſines of the ſame ares. Moreover with regard to the powers of 
numbers, he remarks the following curious properties; 1ſt, that 
they will each have as many orders of differences as are denoted by 
the index of the power, the ſquares having two orders of differences, 
the cubes three, the 4th powers four, &c : ſecond, that the laſt dif- 
ferences will be all equal, and each equal to the common difference 
of the ſides or roots raiſed to the given power and multiplied by 
I x 2 x 3 Xx 4 &c, continued to as many terms as there are units in 
the index; ſo if the roots differ by 1, the 2d difference of the ſquares 
will be each 1 x 2 or 2, the 2d differences of the cubes each 1 x 2 
* 3or 6, the 4th differences of the 4th powers each 1 X 2 x 3 x 4 
or 24, and ſo on; and if the common difference of the roots be an 
other number n, then the laſt differences of the ſquares, cubes, 4t 
powers, 5th powers, &c, will be reſpectively 2u2, 6x3, 244, 120m, 

ge. | 

Beſides what was ſhewn in the eleventh chapter concerning the 
taking out the logarithms of large numbers by means of proportional 
parts, he employs the next or 14th chapter in teaching how, from 
the firſt ten chiliads only, and a ſmall table of one page, here given, 
to find the number anſwering to any logarithm, and the logarithm to 
any number conſiſting of fourteen places of figures. * 

3 thus fully ſhewn the conſtruction and chief properties of 


his logarithms, our ingenious author, in the remaining eighteen 


chapters, exemplifies their uſes in various curious and important 
ſubjects; ſuch as The Rule-of-three, or rule of proportion; finding 


— 


It is no more than a large exemplification of this method of Briggs's that has been 
printed ſo late as 1771, in a 4to. tract by Mr. Rob, Flower, under the title of The Radix, 
s New Way of making Logarithms. Although Briggs's work might not be known to this 
writer,—Since this was written I have been favoured with the following anecdote, con- 
cerning Mr. Flower and his work, by the Rev. Dr. Horſley, the learned editor of the 
works of Sir I. Newton. This Robert Flower was a very obſcure, and probably an 
illiterate man. He was maſter of a writing ſchool in the town of Biſhop Stortford in 
Hertfordſhire. He communicated his Radix, before he publiſhed it, to my late learned 
friend Math. Raper, Eſq. of Thorley Hall. I was at Thorley at the time, upon a 
viſit to my father, who was rector of the pariſh; and I well remember that Mr. Raper 
told me with great ſurprize, that Flower (who was known to us beth by name as the 
writing-maſter of the neighbouring market town) had fallen upon Briggs's way of find- 
ing all "logarithms from the firk ten chiliads. And he was ſo well perſuaded. that 
Flower had made the diſcovery for himſelf, without any light from Briggs, that with 
his accuſtomed munificence he rewarded the man's ingenuity with a preſent of ten 
guineas ; informing him I believe that his work had been done before, and diſſuading the 
publication,” | the 
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the roots of given numbers; finding any number of mean propor- 
tionals between two given terms; with other arithmetical rules: 
Alſo various geometrical ſubſects, as 1ſt, Having given the ſides of 
any plane triangle, to find the area, perpendicular, angles, and dia- 
meters of the infcribed and circumfcribed cireles ; ad, In a right- 
angled triangle, having given any two of theſe, to find the reſt, viz, 
one leg and the hypotenuſe, one leg and the ſum or difference of the 
hypotenuſe and the other leg, the two legs, one leg and the area, the 
area and the fum or difference of the legs, the hypotenuſe and ſum 
or difference of the legs, the hypotenuſe and area, andthe perimeter 
and area; 3d, Upon 4 given baſe to deſcribe a _ equal and 
i ſoperimetrical to another triangle given; 4th, To deſcribe the cir- 
cumference of a circle ſo, that the three diſtances from any point in 
it to the three angles of a given plane triangle, ſhall be to one an- 
ther in a given ratio; 5th, Having given the baſe, the area, and the 
ratio of the two ſides of a plane triangle, to find the ſides; 6th; 
Given the baſe, difference of the ſides, and area of a triangle, to find 
the fides ; 7th, To find a triangle whoſe area and perimeter ſhall be 
expreſſed by the ſame number; 8th, Of four given lines, of which 
the ſum of any three is greater than the fourth, to form a quadrila- 
teral figure about which a circle may be deſcribed ; gth, Of the dia- 
meter, circumference, and area of a circle, and the ſurface and foli- 
dity of the ſphere generated by it, having any one given, to find any 
of the reſt; 16th, Concerning the ellipſe, ſpheroid, and gauging z 
11th, To cut a line or a number in extreme and mean ratio; '12th, 
Given the diameter of a circle, to find the ſides and areas of the in- 
fcribed and circumſcribed regular figures of 3, 4, 5, 6, 8, to, 12, and 
ſixteen ſides ; 13th, Concerning the regular figures of 7, g, 15, 24, 
and 3o ſides; 14th, Of iſoperimetrical regular figures; 15th, Of equal 
regular figures; and 16th, Of the ſphere and the 5 regular bodies; 
which cloſes this introduction. Such of thefe problems as can ad- 
mit of it, are determined by elegant geometrical conſtructions, and 
they are all illuſtrated by accurate arithmetical calculations per- 
formed by logarithms ; for the exemplitication of which they are 
purpoſely given. | EYE 
At the end he remarks, that the chief and moſt neceſſary uſe of 
logarithms, is in the doctrine of ſpherical trigonometry, which he here 
wages to give in a future work, and which was accompliſhed in 
is Trigonometria Britannica, to the deſcription of which we now 


proceed, : 
Of BRIGGS's Trigeremetria Britannica. 


At the cloſe of the account of writings on the natural ſines, tan- 
gents, and fecants, I omitted the deſcription of this work of our 
learned author, although it is perhaps the greateſt of this kind; all 
things conſidered, that ever was executed by one perſon; purpoſely 
reſerving my account of it to this place, not only as it is connected 
with the invention and conſtruction of logarithms, but thinking it 

ks deſerved 
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deſerved more peculiar and diſtinguiſhed notice, on account of the 
importance and originality of its contents. The diviſion of the 
quadrant, and the mode of conſtruction, are both new; and the num- 
bers are far more accurate, and are extended to more places, than 
they had ever been before. The circular arcs had always been di- 
vided in a ſexageſimal proportion; but here the quadrant is divided 
into degrees and decimals, as this is a much eaſier mode of compu- 
tation than by 6oths ; the diviſion being compleated only to 100ths of 
degrees, though his deſign was to have extended it to 1000ths of de- 
grees. And, beſides his own private opinion, he was induced to 
adopt this method of decimal diviſions, partly at the requeſt of other 
perſons, and partly perhaps from the authority of Vieta, pa. 29 Ca- 
lendurii Gregoriani. And it is probable that computations by this de- 

cimal diviſion would have come into general uſe, had it not been for 
the publication of Vlacq's tables, which were extended to every 10 
ſeconds, or 6th parts of minutes. But beſides this method by a de- 
. cimal diviſion of the degrees, of which the whole circle contains 
360, or the quadrant go, in the 14th chapter he remarks that ſome 
other perſons were inclined rather to adopt a compleat decimal divi- 
fion of the whole circle, firſt into 100 parts, and each of theſe into 
1000 parts; and for their ſakes he ſubjoins a ſmall table of the fines 
of every 40th part of the quadrant, and remarks that from theſe few 
the whole may be made out by continual quinquiſections; namely, 
5 times theſe 40 make 200, then 5 times theſe give 1000, thirdly 
5 times theſe give 5000, and laſtly 5 times theſe give 25000 for the 
whole quadrant, or 100000 for the whole circumference. 

But to return. Our author's large table conſiſts of natural fines 
to 15 places, natural tangents and ſecants each to 10 places, logarith- 
mic 2 to 14 places, and logarithmic tangents to 10 places, each 
beſides the characteriſtic. A moſt ſtupendous performance ! The 
fable is preceded by an introduction, divided into two books, the 
one containing an account of the truly ingenious conſtruction of the 
table, by the author himſelf ; and the other its uſes in trigonometry, 
&c, by Henry Gellibrand, profeſſor of aſtronomy in Greſham College, 
who remarks in the preface that the work was compoled by the au- 
- thor about the year 1600; though it was only publiſhed by the di- 
rection of Gellibrand in 1633, it having been printed at Gouda un- 
der the care of Vlacq, and by the printer of his Triganometria Artifi- 
cialis, which came out the ſame year. 

After briefly mentioning the common methods of dividing the 
12 and conſtructing the tables of ſines, &c, from the ancients 
own to his own time, he haſtens to the deſcription of his own pe- 
culiar and truly ingenious method, which is briefly this: having firſt 
divided the quadrant into a ſmall number of parts, as 72, he finds the 
fine of one of thoſe parts, then ſrom it the ſines of the double, triple, 
uadruple, &c, up to the quadrant or 72 parts. He next quinqui- 
ects each of theſe parts, by interpoſing four equidiſtant means, by dif- 
ferences; he then quinquiſects each of theſe; and finally each of theſe 
again; Which compleats the diviſion as far as degrees and center 
| c 
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The rules for perform ing all theſe things, he inveſtigates and illu- 
trates in a very ample manner. In treating of multiple and ſubmul- 
tiple arcs, he gives general algebraical expreſſions, for the fine or 
chord of any multiple whatever of a given arc, which he deduced 
from a geometrical figure, by finding the law for the ſeries of ſucceſ- 
ſive multiple chords or fines, after the manner of Vieta, who was the 
firſt perſon that I know of, who laid down general rules for the chords 
of multiples and ſubmultiples of arcs or angles: and the ſame was 
afterwards improved by Sir I. Newton, to ſuch form, that radius, 
and double the coſine of the firſt — angle, are the firſt and ſecond 
terms of all the proportions for finding the ſines and coſines of the 
multiple angles. For aſſigning the coefficients of the terms in the 
multiple expreſſions, our author here delivers the conſtruction of figu- 
rate or polygonal numbers, inſerts a large table of them, and 
teaches their ſeveral uſes; one of which is that every other number 
taken in the diagonal lines, furniſhes the coefficients of the terms of 
the general equation by which the ſines and chords of multiple ares 
are expreſſed, which he amply illuſtrates; and another, that the ſame 
diagonal numbers conſtitute the coefficients of the terms of any power 
of a binomial; which property was alſo mentioned by Vieta in his An- 
gulares Sectiones, theor. 6, 7 and this is the firſt mention I have ſeen 
made of this law of the coefficients of the powers of a binomial, com- 
monly called Sir I. Newton's binomial theorem, although it is very 
evident that Sir Iſaac was not the firſt inventor of it, the part of it 
properly belonging to him ſeems to be only the extending of it to 
fractional indices, which was indeed an immediate effect of the ge- 
neral method of denoting all roots like powers with fractional expo- 
nents, the theorem being not at all altered. However it appears that 
our author Briggs was the firſt who taught the rule for generating 
the coefficients of the terms, ſucceſſively one from another, of any 
power of a binomial, independent of thoſe of any other power. For 
having ſhewn, in his Abacus Tlayxgnro; (which he fo calls on account 
of its frequent and excellent uſe, and of which a ſmall ſpecimen is 


ABacus HIATXPHETOS. | 
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here annexed, ) that the numbers in the diagonal directions, aſcendin 
from right to left, are the coefficients of the powers of binomials, th 
L 2 indices 
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indices being the figures in the firſt perpendicular column A, which 
are alſo the coefficients of the 2d terms of each power (thoſe of the 
firſt terms being 1, are here omitted ;) and that apy one of theſe dia- 
* gona] numbers is in proportion to the next higher n the diagonal, as 
the vertical of the former is tv the marginal of the latter, that is, as 
the uppermoſt number in the column of the former is to the firſt or 
Tight- hand number in the line of the latter; having ſhewn theſe 
things, I ſay, he thereby teaches the generation of the coeffigients of 
any power, independent]y of all other powers, by the very fame law 
or rule which we now uſe in the binomial theorem. Thus, for the 
gth power; 9 being the cocfficient of tha ad term, and 1 always that 
of the firſt, to find the 3d coefficient we have2 :8::9 : 30; forthe 
2 term, 3: 7 :: 36 : 84; for the sth term, 4: 6: : 84 : 126; and 

o on for the reſt, That is to ſay, the coefficients of the terms in 
any power , are inverſely as the vertical numbers or firſt line 1, 2, 
3, 45 + . . , and directly as the aſcending numbers m, m—1, m—2, 
qm 3. . I in the firſt column A; and that r thoſe 
coefficients are found by the continual multiplication of theſe frac- 
tions Zo =, , , . . + , which is the very theorem as it 


ſtands at this day, and as applied by Newton to roots or fractional 
exponents, as it had before been uſed for integral powers. This 
theorem then being thus plainly taught by Briggs about the year 
1600, I am ſurpriſed how a man of ſuch general reading as Dr. Wal- 
lis was, could poſſibly be ignorant of it, as he plainly appears to be 
by the 85th chapter of his algebra, where he fully aſcribes the inven- 
tion to Newton, and adds that he himſelf had formerly ſought after 
Juch a rule, but without ſucceſs : Or how Mr. John N not 
half a century ſince, could himſelf firſt diſpute the invention of this 
theorem with Newton, and then give the diſcovery of it to M. Paſ- 
cal, who was not born till long after it had been taught by Briggs. 
See Bernoulli's Yorks, vol. 4 pa. 173. But I do not wonder that 
Briggs's remark was unknown to Newton, who owed almoſt every 
thing to genius, and very little to reading: and I have no doubt that 
he made the diſcovery himſelf, without any light from Briggs, and 
that he thought it was new for all powers in general, as it was indeed 
for roots a quantities with fractional and irrational exponents. 
When the above table of the ſums of figurate numbers is uſed 
by our author in determining the coefficients of the terms o fthe 
equation, whoſe root is the chord of any ſubmultiple of an arc, as 
when the ſection is expreſſed by any uneven number, he remarks that 
the powers of that Fr 2h or root will be the 1ſt, 3d, 5th, 7th, &c, 
in the alternate uneven columns, A, C, E, G, &c, with their ſigns 
I or — as marked to the powers, continued till the higheſt power 
be equal to the index of the ſection; and that the coefficients of 
thoſe powers are the ſums of two continuous numbers in the ſame 
column with the powers, beginning with 1 at the higheſt power, 
and gradually deſcending one line obliquely to the right ” each 
PAL 1 | | 8 . 
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lower power: ſo for a triſection, the numbers are 1 in C, and 1 + 2 
z in A; and therefore the terms are — 1 @ + 3: for a quinqui- 
ſection, the numbers are 1 in E, i+4=5inC,2 +3=5 inA; 
ſo that the terms are 10 = 5@+ 5® : for a ſeptiſection, the num- 
bers are 1 in G, 1 +6=7JinE, 4+ 10 14 in C, and 3 + 4= 
Tin A; and fo the terms are — 10 + 7®— 149 + 7QO: and ſo 
on; the ſum of all theſe terms being always equal to the chord of the 
whole or multiple arc. But when the ſection is denominated by an 
even number, the ſquares of the chords enter the equation inſtead of 
the firft powers as before, and the dimenſions of all the powers are 
doubled, the coefficients being found as before, and therefore the 
powers and numbers will be thoſe in the 2d, 4th, 6th, &c, columns: 
and the uneven ſections may alſo be expreſſed the ſame way: hence, 
for a biſection the * will be — 22 for a triſection 
1@—6@+9g®; for the quadziſection — I-20 + 16 ; 
bebe Nn eee 10 — 1008 3 and 0 85 

Our author alſo ſub- WF T EE Dj C' ©» B A |} 
joins another table, a | +@ | +© --  +© | ® : 
ſmall ſpecimen of which I I I 1 | I 2 
is here annexed, in Ii¶ 7 7 5; 
which the firſt column | 20 14 
confiſts of the uneven 30 
numbers, 1, 3, 5, &c, 
the reſt being found by 
addition as before, and the alternate diagonal numbers themſelves 
are the coefficients, 


The method is quite different from 1 VIET I Table. 

that of Vieta, who gives another table 2 | 

for the like purpoſe, a ſmall part of | 3 | 2 

which is here annnexed, which is | 4 | 2 

formed by adding from the number 2 $ z 

downwards obliquely towards the 9 

right; and the coefficients of the terms |. 7-| 1? : + | 
20] 1 2 
27 6 


N 
— — — — 


4 
9 
16 
25 


El 


ſtand upon the horizontal line. | . | 11 
10 358 25 


Theſe angular ſections were afterwards further diſcuſſed by 
Oughtred and Wallis. And the ſame theorems of Vieta and Briggs 
have been ſince given in a different form, by Meſſrs. Herman, and the 
Bernoullis, in the Leipſic 4s, and the Memoirs of the Royal Acade- 
my of Sciences, Theſe theorems they expreſſed by the alternate terms 
of the power of a binomial, wi 90" exponent is that of the 3 
angle or ſection. And Mr. De Lagny, in the ſame Memoirs, firſt 
ſhewed that the tangents and ſecants of multiple angles are alſo ex- 
preſſed by the terms of a binomial, in the form of a fraction, of which 
ſome of thoſe terms form the numerator, and others the denominator. 
Thus, if r expreſs the radius, s the ſine, c the coſine, f the _— 
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and / the ſecant of the angle 4; then the ſine, coſine, tangent, and 
ſecant of n times the angle, are expreſſed thus, viz. 


1 ” n=7 n. nT, Nez 23. + nr. H—=2,n—}. 14 


1 5 
. # * * ” K Os 9 3 1 3 * — . 5 n * 


n. 1— 1. 1—2. —3 5 
r 


1508 Sc. 


Cofine „ = Xt A as 


nNn-T. n—2 n. t. 1— 2. — 2. 4 — | 45 


J! ann f 1 3 
Tag "Mir Ef e . er 24 2. J- 4-5 Sr. 
| . 1 — 5 
n * n.n 1 9 + n. 9 — 1. 2. 37 e, 


17 1 .* 2 : I , 2 3 . + 
4 or r> + z* 
dec. A x 1 1 71 5 —2 n. I, —2. =} 
N mn — —4 
| F 1. 2 "+ OT I PA Wc Ac. 
where it is evident that the ſeries in the ſine of * A conſiſts of the 


even terms of the power of the binomial c, and the ſcries in the 
coſine of the uneven terms of the ſame power; alſo the ſeries in the 
numerator of the tangent conſiſts of the even terms of the power 


7 +0", and the denominator, both of the tangent and ſecant, conſiſts 


of the uneven terms of the ſame power 1. And if the diameter, 
chord, and chord of the ſupplement, be ſubſtituted for the radius, 
fine and coſine, in the expreſſions for the multiple, fine and coſine, 
the refult will give the chord and chord of the ſupplement of n times 
the arc or angle 4. Theſe and various other expreſſions for multi- 
ple and ſubmultiple arcs, with other improvements in trigonometry, 
have alſo been given by Euler and other eminent writers on the cab. 
ject. 8.5 
? The before mentioned M. De Lagny offered a project for ſubſti- 
tuting, inſtead of the common logarithms, a binary arithmetic, 
which he called the natural logarithms, and which he and M. Leib- 
nitz ſeem to have both invented about the ſame time, independent] 
of each other: but the project came to nothing. Mr. De Lagny alſo 
publiſhed, in ſeveral Memoirs of the Royal Academy, a new method 
of determining the angles of figures, which he called Gontometry. It 
conſiſts in meaſuring with a pair of compaſſes the arc which ſubtends 
the angle in queſtion; however this arc is not meaſured by applying 
its extent to any preconſtructed ſcale, but by examining what part it 
is of half the circumference of the ſame circle, in this manner : 
from the propoſed angular point as a center, with a ſufficiently large 
radius, a ſemicircle being deſcribed, a part of which is the arc inter- 
cepted by the ſides of the propoſed angle, the extent of this arc is 
taken with a fine pair of compaſſes, Jes applied continually upon the 
| arc of the ſemicircle, by which he finds bow often it is contatned in 
| the ſemicircle, with uſually a ſmall arc remaining; in the ſame man- 
ner he meaſures how often this remaining arc is contained in the firſt 
arc, and what remains again is applied continually to the firſt re- 
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mainder, and ſo the 3d remainder to the ad, the 4th to the 3d, and ſo 
on till there be no remainder, or elſe till it become inſenſibly ſmall. 
By this proceſs he obtains a ſeries of quotients, or fractional parts, 
one of another, which being properly reduced into one, give the ra- 
tio of the firſt arc to the ſemicircumference, or of the propoſed angle, 
to two right angles or 180 degrees, and conſequently that angle in 
degrees, minutes, &c, if required, and that commonly to a degree of 
accuracy far exceeding the calculation of the ſame by means of any 
tables of ſines, tangents or ſecants, notwithſtanding the apparent pa- 

radox in this expreſſion at firſt ſight, Thus, if the iſt arc be 4 
times contained in the ſemicircle, the remainder once contained in 
the firſt arc, the next five times in the ſecond, and finally the fourth 
two times in the third: Here the quotients are 4, 1, 5, 23 conſequent. 
ly the fourth or laſt arc was 4 the 3d, therefore the 3d was—, or 27 


T 
of the 2d, and the 2d was _ or == of the iſt, and the fr or arc 
ſought, was = or 22 of the ſemicircle ; and conſequently it con- 


477 
tains 273. degrees, or 37 8 34%. | 

But 4, — bam this — digreſſion, Mr. Briggs next treats of 
interpolation by differences, and chiefly of — ection, after the 
manner uſed in the 13th chapter of his conſtruction of logarithms 
before deſcribed. He here proves that curious property of the fines 
and their ſeveral orders of differences, before mentioned, namely, 
that, of equidifferent arcs, the fines, with the 2d, 4th, 6th, 
&c differences, are continued proportionals; as alſo the coſines of 
the means between thoſe arcs, and the iſt, 3d, 5th, &c differences. 
And to this treatiſe on interpolation by differences, he adds a margi- 
nal note, complaining that this 13th chapter of his Arithmetica' Loga- 
rithmica had been omitted by Vlacq in his edition of it; as if he were 
afraid of an intention to deprive him of the honour of the invention 
of interpolation by ſucceſſive differences. The note is this: Madus 
correftionis d me traditus eft Arithmetice Logarithmice capite 13, in edi- 
tione Lonidnenſi Mud autem caput una cum ſequenti in editione Batava 
me inconſulto et inſcio omiſſum fuit : nec in omnibus, editienis illius author 
vir aliogui i Ar +6 et non indoctus meam mentem videtur afſequutus : 
Ideogue ne quicquam deſit cuiquam, qui integrum canonem conficere cupiat: 
guædam maxime neceſſaria illinc huc transferenda cenſui. 

A large ſpecimen of quinquiſection by differences is then given, 
and he ſhews how it is to be applied to the conſtruction of the whole 
canon of fines, both for 100th and 1000th parts of degrees; namely, 
for centeſms, divide the quadrant firſt into 72 equal parts, and find 
their ſines by the primary methods; then theſe quinquiſected give 
360 parts, a ſecond quinquiſection gives 1800 parts, and a third 
gives ooo parts, or centeſms of degrees: but for milleſms, divide the 
r into 144 equal parts; then one quinquiſection gives 720, a 

cond gives 3600, a third 12000, and a fourth gives 9000 parts, or 
milleſms, 9 

He | 
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He next proceeds to the natural tangents and ſecants, which af 
directed to be raifed in the ſame manner, by interpolations from a 
few primary ones, conſtructed from the known proportions between 
fines, tangents, and ſecants; excepting that Half the tangents and ſe- 
cants are to be formed by addition and ſubtraction only, by means of 
fome fuch theorems as theſe, namely, 1, the ſecant of an are is equal 


to the fum of the tangent of the ſame arc, and the ent of half its 


complement, which will find every other ſecant; 2d, double the tan- 
gent of an arc added to the tangent of half its complement, is equal to 
the tangent of the ſum of that arc and the ſaid half complement, by 
which rule half the tangents will be found; &c. 
In the two remaining chapters of this book are treated the con- 
ſtruction of the logarithmic ſines, tangents, and ſecants. This is 
ceded by ſome remarks on the origin and invention of them. Our 
author here obſerves that logarithms may be of various kinds; that 
others had followed the plan of Baron Napier the firſt inventor, 
among. whom Benjamin Urſinus is N commended, who ap- 
plied Napier's logarithms to every ten ſeconds of the quadrant; but 
that he himſelf, encouraged by the noble inventor, deviſed other lo- 
garithms that were mueh eaſier and more excellent . He ſays he 
put 10, with ciphers, for the logarithm of radius; ꝙ for the logar- 
ithm fine of, 50 44 whoſe natural ſine is one 1oth of the radius; 8 
for that of 30, whoſe natural fine is one 100th of the radius, &c: 
5 the logarithm of the ratio of 10 to 1, which is the 
characteriſtic of his ſpecies of logarithms, 
To conſtruct the logarithmic fines, he directs firſt to divide the 
ee into 72 equal parts as before, and to find the logarithms of 
eir natural ſmes as in the 14th chapter of his * — Lo- 
garithmica; after which this number will be increaſed by quinquiſec- 
tion, firſt to 360, then to 1800, and laſtly to gooo, or centeſms of de- 
grees. But if milleſms of degrees be required, divide the quadrant firſt 
into 144 equal parts, and then by four quinquiſections theſe will be 
extended to the following parts, 720, 3600, 18000, and goooo, or mil- 
leſms of degrees. -He remarks however that the logarthmic ſines of 
only half the quadrant need be found in this manner, as the other 
| half may be found by mere addition, or ſubtraction, by means of 
this theorem, as. the of half an arc is to half radius, ſo is the ſine 
of the whole arc to the coſine of the ſaid half arc. This theorem he 
illuſtrates with examples, and then adds a table of the logarthmic 
fines of the primary 72 parts of the quadrant, from which the reſt are 


to be made out by quinquiſection. 
In the next chapter our author ſhews the conſtruction of the natu- 


ral tangents and ſecants more fully than he had done before, de- 
monſtrating and illuſtrating ſeveral curious theorems for the 
finding of them. He then concludes this chapter, and the book, with 


* His words are 0 Ego vero ipfius inventors primi cohortatione adjutus, alios lo- 
garithmos applicandos cenſui, qui mulro faoiliorem uſum habent, preſtantiorem. Lo- 


pointing 


garithmus radii circularis vel ſinus totius, a me ponitur 10 &c.“ 
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pointing out the very eaſy conſtruction of the logarthmic tangents 
and ſecants by means of theſe three theorems : 

iſt, As coſine : fine :: radius: tangent, 

2d, As tangent : radius : ; radius: cotangent, 

3d, As coſine : radius :: radius: ſecant. 
So that in logarithms, the tangents are found by ſubtraQting the 
coſines from the fines, adding always 10 or the radius; the cotan- 
gents are found by ſubtracting always the tangents from 20 or double 
the radius; and the ſecants are found by ſubtracting the coſines from 


20 the double radius. 
The 2d book, by Gellibrand, contains the uſe of the canon in 


plane and ſpherical trigonometry. 

Beſides Briggs's methods of conſtructing logarithms, above de- 
ſcribed, no others were given about that time. For as to the calcu- 
lations made by Vlacq, his numbers being carried to comparatively 
but few places of figures, they were performed by the eaſieſt of 
Briggs's methods, and in the manner which this ingenious man had 
pointed out in his two volumes. Thus, the 70 chiliads of loga- 
rithms, frorn 20000 to 90009, computed hy Vlacq, and publiſhed in 
1628, being extended only to 10 places, yield no more than two 
orders of mean differences, which are alſo the corre& differences, in 

uinquiſection, and therefore will be made out thus, namely, one- 
1 of them by the mere addition of the conſtant logarithm of 5; 
and the other four-fifrhs of them by two eaſy additions of very ſmall 
numbers, namely, of the iſt and 2d differences, according to the di- 
rections given in Briggs's Arith. Log. c. 13. p. 31. And as to Vlacq's 
logarithmic fines and tangents to every 10 ſeconds, they were eaſily 
computed thus; the fines for half the quadrant were found by 
taking the logarithms to the natural fines in Rheticus's canon; and 
then from theſe the logarithmic fines to the other half quadrant were 
found by mere addition and ſubtraction ; and from theſe all the tan- 
gents by one ſingle ſubtraction. So that all theſe operations might 
eaſily be performed by one perſon, as quickly as a printer could ſet 
up the types ; and thus the computation and printing might both be 
carried on together. And hence it appears that there is no reaſon 
for admiration at the expedition with which theſe tables were ſaid 


to have been brought out. 
Of certain Curves related to Logarithms, 


About this time the mathematicians of Europe began to conſider 
ſome curves which have properties analogous to logarithms, Ed- 
mund Gunter, it has been ſaid, firſt gave the idea of a curve, whoſe 
abſciſſes are in arithmetical progreſſion, while the correſponding or- 
dinates are in geometrical progreſſion, or whoſe abſciſles are the log- 
arithms of their ordinates; but I cannot find it noticed in any part of 
his writings. The ſame curve was afterwards conſidered by others, 


and named the Logarithmic or 470 curve by Huygens in I Di 
| ertatiq 


| We. CONSTRUCTION OP 


ſertatis de Cauſa Gravitatis, where he enumerates all the principal 
properties of this curve, ſhewing its analogy to logarithms. Many 
other learned men have alſo treated of its properties; particularly 
Le Seur and Jacquier in their comment on Newton's Principia; Dr. 
John Kiell in the elegant little tract on logarithms fubjoined to his 
edition of Euclid's Elements; and Francis Maſeres, Eſq. Curſitor 
Baron of the Exchequer, in his ingenious treatiſe on Trigonometry; 
in which books the doctrine of logarithms is copiouſly and learnedly 
treated, and their analogy to the logarithmic curve &c fully diſplayed, 
It is indeed rather extraordinary that this curve was not ſooner 
announced to the public; fince it reſults immediately from baron 
Napier's manner of conceiving the generation of logarithms, by only 
ſuppoſing the lines which repreſent the natural numbers to be placed 
at right angles to that upon which the Jogarithms are taken, This 
curve greatly facilitates the conception of logarithms to the imagi- 
nation, and affords an almoſt intuitive proof of the very important 
property of their fluxions, or very ſmall increments, to wit, that the 
fuxion of the number is to the fluxion of the logarithm, as the number 
Is to the ſubtangent; as alſo of this property, that, if three numbers 
be taken very nearly equal, ſo that their ratios to each other may 
differ but a litrle from a ratio of equality, as for example, the three 
numbers 10000000, 10CCOO01, 10000002, their differences will be 
very nearly proportional to the logarithms of the ratios of thoſe num- 
bers to each other: all which follows from the logarithmic arcs being 
very little different from their chords, when they are taken very ſmall. 
And the conſtant ſubtangent of this curve is what was afterwards by 
. Cotes called the Modulus of the ſyſtem of logarithms : and ſince, by 
the former of the two properties abovementioned, this ſubtangent is 
à 4th proportional to the fluxion of the number, the fluxion of the 
logarithm, and the number, this property afforded occaſion to Mr. 
Baron Maſeres to give the following definition of the modulus, 
which is the ſame in effect as Cotes's, but more clearly expreſſed, 
namely, that it is the limit of the magnitude of a 4th proportional 
to theſe three quantities, to wit, the difference of any two natural 
numbers that are very nearly equal to each other, either of the ſaid 
numbers, and the logarithm or meaſure of the ratio they have to 
each other. Or we may define the modulus to be the natural num- 
ber at that part of the ſyſtem of logarithms, where the fluxion of the 
number is equal to the fluxion of the logarithm, or where the numbers 
and logarithms have equal differences. And hence it follows, that 
the logarithms of equal numbers or of equal ratios, in different ſyſtems, 
are to oneanother as the moduli of thoſe ſyſtems. Moreover, the ra- 
tio whoſe meaſure or logarithm is equal to the modulus, and thence 
by Cotes called the ratio modularis, is by calculation found to be the 
ratio of 2718281828459 &cto 1, or of 1 to · 367879441171 &c; the 
calculation of which number may be ſeen at full length in Mr. baron 
Maſeres's treatiſe on the Principles of Life-annuities, pa. 274 and 


275» 
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The hyperbolic curve alſo afforded another ſource for developing 
and illuſtrating the ptoperties and conſtruction of logarithms. For 
the hyperbolic areas lying between the curve and one aſymptote, 
when they are bounded by ordinates parallel to the other aſymptote, 
are analogous to the logarithms of their abſeiſſes or parts of the 
aſymptote. And fo allo are the hyperbolic ſectors; any ſector 
bounded by an arc of the hyperbola and two radii, being equal to 
the quadrilateral ſpace bounded by the ſame arc, the two ordinates 
to either aſymptote from the extremities of the arc, and the part of 
the aſymptote intercepted between them. And although Napier's 
logarithms are commonly ſaid to be the ſame as hyperbolic logar- 
ithms, it is not to be underſtood that hyperbolas exhibit Napier's 
logarithms only, but indeed all other poſſible ſyſtems of logarithms 
whatever. For, like as the right-angled hyperbola, the ſide of whoſe 
ſquare inſcribed at the vertex is 1, gives us Napier's logarithms; ſo any 
other ſyſtem of logarithms is expreſſed by the hyperbola whoſe aſymp- 
totes form a certain oblique angle, the ſide of the rhombus inſcribed 
at the vertex of the hyperhola in this caſe alſo being ſtill 1, the ſame 
as the fide of the ſquare in the right-angled hyperbola, But the 
areas of the ſquare and rhombus, and conſequently the logarithms of 
any one and the ſame number or ratio, will differ according to the 
line of the angle of the aſymptotes. And the area of the ſquare or 
rhombus, or any inſcribed parallelogram, is alfo the ſame thing as 
what was by Cotes called the modulus of the ſyſtem of logarithms ; 
which modulus will therefore be expreſſed by the numerical meaſure 
of the ſine of the angle formed by the aſymptotes, to the radius 1 ; 
as that is the ſame with the number expreſſing the area of the ſaid 
ſq uare or rhombus, the fide being 1: which is another definition of 
the modulus to be added to thoſe we before remarked above in treat- 
ing of the logarithmic curve. And the evident reaſon of this is, that 
in the beginning of the generation of theſe areas from the vertex of 
the hyperbola, the naſcent increment of the abſciſſe drawn into the 
altitude 1, is to the increment of the area, as radius is to the fine of the 
angle of the ordinate and abſciſſe, or of the aſymptotes; and at the 
beginning of the logarithms, the naſcent increment of the natural 
numbers is to the increment of the logarithms, as 1 is to the modu- 
lus of the ſyſtem. Hence we eaſily diſcover that the angle formed by 
the aſymptotes of the hyperbola exhibiting Briggs's ſyſtem of logar- 
itams, will be 25 deg. 44 min. 25+ ſec. this being the angle whoſe 
ſine is o· 43429448 19 &c, the modulus of this ſyſtem, 

Or indeed any one hyperbola, as has been remarked by Mr, baron 
Maſeres, will expreſs all poffible ſyſtems of logarithms whatever, 
namely, if the ſquare or rhombus inſcribed at the vertex, or, which 
is the ſame thing, any parallelogram inſcribed between the aſymp- 
totes and the curve at any other point, be expounded by the modulus 
of the ſyſtem; or, which is the ſame, by expounding the area, in- 
tercepted between two ordinates which are to each other in the ratio 
of 10 to 1, by the logarithm of on ratio in the propoſed ſyſtem, 

2 N ; As 
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As to the firſt remarks on the analogy between logarithms and 
the hyperbolic ſpaces ; it having been ſhewn by Gregory St. Vincent, 
in his Puadratura Circuli & Sectionum Con, publiſhed at Antwerp in 
1647, that if one aſymptote be divided into parts in geometrical 
progreſſion, and from the points of diviſion ordinates be drawn pa- 
rallel to the other aſymptote, they will divide the ſpace between the 
aſymptote and curye into equal portions ; from hence it was ſhewn 
by Merſennus, that, by taking the continual ſums of thoſe parts, 
there would be A areas in arithmetical progreſſion, adapted to 
abſciſſes in geometrical progreſſion, and which therefore were ana- 
logous to a ſyſtem of logarithms. And the ſame analogy was re- 
marked and illuſtrated ſoon after by Huygens and many others, who 
ſhew how to ſquare the hyperbolic ſpaces by means of the logarithms, 


Of *Gregory's C:mputation of Legarithmt. 


On the other hand, Mr. James Gregory, in his Vera Circuli an 
Hyperbole Quadratura, firſt printed at Patavi, or Padua, in the year 
1667, having approximated to the hyperbolic aſymptotic ſpaces by 
means of a ſeries of inſcribed and circumſcribed polygons, from thence 
ſhews how to compute the logarithms, which are analogous to thoſe 
areas : and thus the quadrature of the hyperbolic ſpaces became the 
ſame thing as the computation of the logarithms. He here alſo lays 
down various methods to abridge the computation, with the aſſiſt- 
ance of ſome properties of numbers themſelves, by which we are 
enabled to compoſe the logarithms of all prime numbers under 1000, 
each by one multiplication, two diviſions, and the extraction of the 
ſquare root. And the ſame ſubject is farther purfued in his Exerci- 
tationes Geometric, to be defcribed hereafter. 

There are alſo innumerable other geometrical figures having pro- 
perties analogous to logarithms ; ſuch as the equiangular ſpiral, the 
ligures of the rangents and ſecants, &c ; which it is not to our pur- 


poſe to diſtinguiſh more particularly. 


Of +Merecatzir's Logarithmitechnia. 


In 1668, Nicholas Mercator publiſhed his Logarithmotechnia, for 
methodus conſtruendi Logarithmos nova, accurata, & facilis; in which 
he delivers a new and ingenious method for computing the logarithms 
upon principles pufely arithmetical ; which being curious and very 


— 


82 


* James Gregory was born at Aberdeen in Scotland 1639, where he was educated. 
He was profeſſor of Mathematics in the college of St. Andrews; and died of a fever in 
December 1675, being only 36 years of age. 

+ Nicholas Mercator, a learned mathematician, and an ingenious member of the 
Royal Society, was a native of Holſtein in Germany, but ſpent moſt of tas time in Eng- 
land, where he died in the year 1690, at about 50 years of age. He was the author of 
many other works in Geometry, Geography, Aſtronomy, Aſtrology, &c. 

accurately 
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accurately performed, I ſhall here give a rather full and particular 
account of that little tract, as well as of the ſmall ſpecimen of the 
quadrature of curves by infinite ſeries ſubjoined to it; and more eſ- 
pecially as this work gave occaſion to the public communication of 
ſome of Sir Iſaac Newton's earlieſt pieces, to evince that he had not 
borrowed them from this publication, So it appears that theſe two 
ingenious men had, independent of each other, in ſome inſtances 
fallen upon the ſame things, | 

Our author begins this work with remarking that the word Logar- 
ithm is compoſed of the words rate and number, being as much as to 
ſay the number of ratios ; which he obſerves is quite agreeable to the 
nature of them, for that a logarithin is nothing elſe but the number 
of ratiunculæ contained in the ratio which any number bears to unity. 
He then makes a very learned and critical diſſertation on the nature 
of ratios, their magnitude and meaſure, conveying a clearer idea of 
the nature of logarithms than had been given by either Napier or 
Briggs, or any other writer except the famous Kepler, in his work be- 
fore deſcribed, although thoſe other writers ſeem indeed to have had 
in their own minds the ſame ideas on the ſubje& as Kepler and Mer- 
cator, but without having expreſſed them fo clearly, Our author 
indeed pretty cloſely follows Kepler in his modes of thinking and 
expreſſion, and after him in plain and expreſs terms calls logarithms 
the meaſures of ratios ; and, in order to the right underſtanding that 
definition of them, he explains what he means by the magnitude of a 
ratio. This he does pretty fully, but not too fully, conſidering the 
nicety and ſubtlety of the ſubject of ratios, their magnitude, with 
their addition to, and ſubtraction from, each other, which have been 
miſconceived by very learned mathematicians, who have thence been 
led into confiderable miſtakes. Witneſs the overſight of Gregory 
St. Vincent, which Huygens animadverted upon in the Eferao Cy- 
climetriæ Gregor it a Santo Vincentio, and which aroſe from not under- 
ſtanding, or not adverting to, the nature of ratios, and their propor- 
tions one to another. And many other ſimilar miſtakes might here be 
adduced of other eminent writers. From all which we muſt com- 
mend the propriety of our author's attention, in ſo judiciouſly diſcri- 
minating between the magnitude of a ratio, as of à to b, and the 


fraction 7 or quotient ariſing from the diviſion of one term of the 


ratio by the other; which latter method of conſideration is always 
attended with danger of errors and confuſion on the ſubject; though 
in the 5th definition of the 6th book of Euclid this quotient is ac- 
counted the quantity of the ratio ; but this definition is probably not 
genuine, and therefore very properly omitted by — Simſon in 
his edition of the Elements. And in thoſe ideas on the ſubject of 
logarithms, Kepler and Mercator have been followed by Halley, 
Cotes, and moſt other eminent writers ſince that time. 

Purely from the above idea of logarithms, namely as being the 
meaſures of ratios, and as exprefling the number of ratiuncule con- 
tained in any ratio, or into which it may be divided, the'number of 

| | the 
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the like equal ratiun:ulz contained in ſome one ratio, as of 10 to r, 
being ſuppoſed given, our author ſhews how the logarithm or mea- 
ſure of any other ratio may be found. But this however only by- 
the-bye, as not being the principal method he intends to teach, as 
his laſt and beſt, and which we arrive not at till near the end of the 
book, as we ſhall ſee below, Having ſhewn then, that theſe logar- 
ithms, or numbers of ſmall ratios, or meaſures of ratios, may be all 
properly repreſented by numbers, and that of 1, or the ratio of equa- 
lity, the logarithm or meaſure being always o, the logarithm of 
10, or the meaſure of the ratio of 10 to 1, is moſt conveniently repre- 
ſented by 1 with any number of ciphers; he then proceeds to ſhew 
how the meaſures of all other ratios may be found from this laſt ſup- 
poſition. And he explains the principles by the two following ex- 
amples. 

F irſt, to find the logarithm of 100'5*, or to find how many rati- 
unculæ are contained in the ratio of 1005 to 1, the number of ratiun- 
culæ in the decuple ratio, or ratio of 10 to 1, being 1, 0000. 

The given ratio 100's5 to 1, he firſt divides into its parts, namely 
100'5 to 100, 100 to 10, and 10 to 1; the laſt two of which being 
decuples, it follows that the characteriſtic will be 2, and it only re- 
mains to find how many parts of the next decuple belong to the firſt 
ratio of 100's to 100, *Now if each term of this ratio be multiplied 
by itſelf, the products will be in the duplicate ratio of the firſt terms, 
or this laſt ratio will contain a double number of parts; and if theſe 
be multiplied by the firſt terms again, the ratio of the laſt products 
will contain three times the number of parts; and ſo on, the num- 
ber of times of the firſt parts contained in the ratio of any like powers 
of the firſt terms, being always denoted by the exponent of the power. 
If therefore the firſt terms, 100-5 and 100, be continually multiplied 
till the ſame powers of them have to each other a ratio whoſe meaſure 
is known, as ſuppoſe the decuple ratio 10 to 1, whoſe meaſure is 
1,0000000 ; then the exponent of that power ſhews what multiple 
this meaſure 1,0000000, of the decuple ratio, is of the required mea- 
ſure of the firſt ratio 100'5 to 100; and conſequently dividing 
1,0000000 by that exponent, the quotient is the meaſure of the ratio 
100 · 5 to 100 ſought. The operation for finding this, he ſets down 
as here follows; where the ſeveral multiplications are all performed 
in the contracted way by inverting the figures of the multiplier, and 
retaining only the firſt number of decimals in each product. 
| power 


* 


— 


Mercator diſtinguiſhes his decimals from integers thus 100 5, or thus 10015. 
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po ver 
100*5000 - 1] Tais power ** This being again too 
50 —— - T|grexer than the decuple| much, inſtead of the 
166500 of the like power of 100, | 16th, draw it into the 
which muſt always be 1 | 8th, or next preceding, 


5025 
1010025 «= = [therefor the agen nn | 
. — * //* 3 es nad — it, | tte 1 445 
1010025 not by itſelf, but by the] ——— | 

10100 next before it, viz. by eee 
20 the 128th, thus — 4 
5 | 9916193 * 460 
102015a - - - 4| 35849883 256 $20010t =. = 2 
oO510201 » = » 4| 6043081 - - 128| 10015603 - - 462 
1020150 678783: - - 384] Which power again 
20403 1106737 - - 64 | exceedsthe limit ; there- 
102 0320130 - 448 fore draw the 460th into 

51 53037117 32 the iſt thus 


1040706 - = 6 - - 480| 9910193 - 460 
6070407 „ 095 99 5 | 500 = =» x 
1083968 - - - 16| This power again ex- 9905774 = < 461 
8603801 - - - 16 —_— the ſame power | Since therefore the 
1173935 - - 32 of 100 more than 10| 462d power of 100˙5 is 
5303711 - - 32 | times, I therefore draw greater, and the 461ſt 
1378877 3 the ſame 448th, not in- power is leſs, than the 
1106731 - - - 64 to the 32d, but the next decuple of the (ame 
—_— preceding, thus power of 100; I find 
1 1.4 ound that the ratio of 100*; 
= 9349130 - = 448|to 100 is contained in 
35384985 - - 256] 8603801 - - 16] the decuple more than 
5894853 - - 256 10115994 - + 464 | 461 times, but leſs than 
1852116 512 462 times. Again, 


Since 460 power | 2 (a9 the differences 


the 401 5 9965774 (49581 [ nearly 
462 10015603 J 49829 | equal; 
therefore the proportional part which the exact power, or 10000900, 
exceeds the next leſs 9965774, will be eaſily and accurately found 
by the Golden Rule, thus: 
The juſt power - - - 10200000 
and the next leſs - 9965774 


the difference = - 434226; then 


As 49829 the dif. between the next leſs and greater, 

: To 34226 the dif. between the next leſs and juſt, 

: So is 10000: to 6868, the decimal parts; and therefore the ra- 
tio of 100'5 to 100, is 4616868 times contained in the decuple or 
ratio of 10 to 1. Dividing now 1,0000000, the meaſure of the de- 
cuple ratio, by 461-6868, the quotient 00216597 is the meaſure of 


the ratio of 100'5 to 100; which being added to 2 the meaſure of 
N 100 
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100 to 1, the ſum 2, 0021659) is the meaſure of the ratio of ro, to 
1, that is the log. of 100'5 is 2,00216597. 

In the ſame manner he next inveſtigates the log. of 99· 5, and finds 
it to be 1,997 8230). 

A few obſervations are then added, calculated to generalize the 
conſideration of ratios, their magnitude and affections. It is here 
remarked that he conſiders the magnitude of the ratio between two 
quantities as the ſame, whether the antecedent be the greater or the 
leſs of the two terms: ſo the magnitude of the ratio of 8 to 5, is 
the ſame as of 5 to 8; that is by the magnitude of the ratio of either 
to the other, is meant the number of ratiunculæ between them, 
which will evidently be the ſame whether the greater or leſs term 
be the antecedent. And he farther remarks that of different ratios, 
when we divide the greater term of each ratio by the leſs, that ratio 
is of the greater maſs or magnitude which produces the greater quo- 
tient, et dice verſa; although thoſe quotients are not proportional 


to the maſſes or magnitudes of the ratios. But when he conſiders 


the ratio of a greater term to a leſs, or of a leſs to a greater, that is 
to ſay, the ratio of greater or leſs inequality, as abſtracted from the 
magnitude of the ratio, he diſtinguiſhes it by the word affeftion, as 
much as to ſay greater or leſs affection, ſomething in the manner of 
poſitive and negative quantities, or ſuch as are affected with the 
ſigns +and —. - The remainder of this work he delivers in 
ſeveral propoſitions, as follows. 

Prop. 1. In ſubtracting from each other two quantities of the 
ſame affection, to wit, both poſitive, or both negative; if the remain- 
der be of the ſame affection with the two piven, then is the quantity 
ſubtracted the leſs of the two, or expreſſed by the leſs number; but if 


the contrary, it is the greater. 


Prop. 2. In any continued ratios, as , «+, «+29, &c,(by 


| a a+:2b a+36b 

which is meant the ratios of @ to a+6b, a-+b to a+2b, a+2b to 
a+3b, &c,) of equidiffterent erms, the antecedent of each ratio 
being equal to the conſequent of the next preceding one, and pro- 


ceeding from leſs termg.to greater; the mealure of each ratio will be 


expreſſed by a greater een pings that of the next following; and 

the ſame through all their orders of differences, namely, the iſt, ad, 

3d, &c, differences; but the contrary when the terms of the ratios 
ecreaſe from greater to leſs. 

Prep. 3. In any continued ratios of equidifferent terms, if the 
1ſt or leatt be a, the difference between the iſt and 2d b, and c, 4, e, 
&c, the reſpective firſt term of their 2d, 3d, 4th, &c, differences; 
then ſhall the ſeveral quantities themſelves be as in the annexed 

ſcheme ; 
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ſcheme; where each term is | 1ſt term - 4 
compoſed of the firſt term to- [2d = = a+ 
gether with as many of the dif- [3d < - 23 126 ＋ e 
ferences as it is diſtant from [4th = 42434 
the firſt term, and to thoſe dif- a + 
ferences joining, for coeffici- | 
ents, the numbers in the ſlop- 
ing or oblique lines contained 
in the annexed table of figu- 
rate numbers, in the ſame 
manner, he obſerves, as the 
ſame figurate numbers com- 
pleat the powers raiſed from a 
binomial root, as had long be- | 
fore been taught by others. 
He alſo remarks that this rule 
not only gives any one term, 
but alſo the ſum of any num- 
ber of ſucceſſive terms from 
the beginning, making the 
2d coefficient the firſt, the 3d | 
the 2d, and ſo on; thus, he | 
ſum of the firſt 5 terms is 5a + 100 + 10c + 54+ e. 

In the 4th prop. it is ſhewn = term - 2 
that if the terms decreaſe, [2d = - - a— b 
proceeding from the greater [3d '- - = - a—2b6+ 4 
to the leſs, the ſame theo- [4th - - + 6 EO 4 
rems hold good, by only [5th - - 4 4 ＋ 66-44 ＋. 
changing the ſign of every | &c, - &c. | 
other term, as in the margin. . WL pr et 

Prop. 6 and 7 treat of the approximate multiplication and divi- 
fron of ratios, or, which is the ſame thing, the finding nearly any 
powers or any roots of a given fraction, in an eaſy manner. T 
theorem for raiſing any power, when reduced to a fimpler form, 


is this, the m power of = or _ is — XZ : nearly, where 5. i 
” ha . 
a+b, andd=a ©5, the ſum and difference of the two numbers, 


and the upper or under ſigns take place according as F is a proper 
or an improper fraction, that is according as à is leſs or greater 
than b. And the theorem for extracting the mth root of is 7 or | 


” =DEE nearly; which latter rule is alſo the ſame as the for- 
ms 
mer, as will be evident by ſubſtituting = inſtead of m in the firſt 


© 


theorem, So that univerſally 7 F . nearly, Theſe] theo- 
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rems IN are nearly true only in ſome certain caſes, namely 
when — and = do not differ greatly from unity. And in the 57th 


Prop. the author ſhews how to find nearly the error of the theo- 


7 the 8th prop. it is ſhewn that the meaſures of ratios of n 


ferent terms, are nearly reciprocally as the acithmetical means, be- 
tween. the terms of each ratio. So of the ratios =, 33 „. the mean 


between the terms of the firſt ratio is 17, of the 2d 34 of the 3 51, 
and the meaſures of the ratios are nearly as 25, =» = 


From this' property he proceeds, i in the gth prop. 100 find the mea- 
ſure of any ratio lefs than. a, which has an equal difference (1) 
of terms. In the two examples, mentioned near the beginning, our 

author found the logatithm or meaſure of the ratio, of = ,to be 


21769 —, _ chat vl. 7 122. to be 2505908 therefary the ſums 4999 


=\ a 


| is the logarithm of £ EL or i * 7 =; -or the logarithm of 22 CEE - 
is nearer 43430, as found by ab other more accurate, computations.— 
Now to find the logarithm of ==, having, the fams difference of terms 
(1) with the former; it will be, by prop. 8, as 100.5. (che mean 

between 101 and 100) : 100 (the mean between 99:5 and 100 ˙ 5) 
2: 43430: 43213 the logarithm of —, or the difference between 
the logarithms of 100'and 101. Nur: the | . of IOQ182; Seine 
the logarithm;of 101 is 2,004 gain, to find the loga 
rithm of 102, we muſt firſt 043213 the logatithm « of ==; the mean 
tween its terms being 1015, therefore as 101*5::: 100: - nah: 
42788 the logarithm of 22+, or the difference of the — — of 
Ior and 102. But the logarithm of 101 was found above to be 
2,0432133 therefore the logarithm of 102 is 2,0086001.—80 that 
dividing: continually 868 596 (the double of 434298 the logarithm of 
T3377 Or =>) by each number of the ſeries 201, 203, 205, 207, &c, 
then add d.2 to the iſt quotient, to the ſum add the 2d quotient, and fo 
on, adding always the next quotient to the laſt ſum, the ſeveral 
ſums will be the reſpective logarithms of the numbers. in this ſeries 
101, 102, 103, 104; &c. 

The next, or prop. 10, ſhews that, of two pair of continued ratios 

whoſe terms have equal differences, the difference of the meaſures of 
the firſt two ratios, is to the difference of the meaſures of the other 


two, as the ſquare of the common term in the two __ is to that 


in the former, nearly, Thus, in the four ratios —— . — 5 I 


+35, a+46 22122. 
7 =o as the meaſure wks (the ene of the firſt 
two, or the me of the two fractions) ; the meaſure of 


8a bb 
e e e e 


12 


1 
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In prop. 11 the author ſhews that ſimilar properties take place 


among two ſets of ratios conſiſting each of 3or 4 &c continued num- 


berse N 


progreſſion, the orders of differences which, become equal, are the 


; 


Prop. 12 ſhews that, of the powers of numbers in. arithmetical 


24 differences in'the ſquares, th 30 differences in the cubes, the 4th - 


differences in the 4th powers, &c. And from hence it is ſhewn how 


to eonſtruct all thoſe powers by the continual. addition of ay dif- 
ferences.” As trad been long before more fully expizined-by riggs. 


In the next,” or 23th” prop. our author ex 


ains his -compendious 


method of raifing the tables ot e how to conſtrut | 


the logarithms by addition only, 


rom the properties contained in the 


ch, geh, and 12th-propoſitions. For this purpoſe he makes uſe of 


the quantity Erg, which by divifion be reſolves into this infinite ſe- 
ries +55 +5; +5... e (in jnfin. ] Putting then a =,100 the arith- 


metical mean between the terms bf the ratio 22 'b=100000s | 


100.7 


and e ſucceſſively equal to 053 rs : a 
ſpectively equaFt999999*5, 99998*5, 99997*5, &t, the correſpondin 
means between the ferms' of the ratios $9999! 29998 99922, &, It 


is evident that 7 — will be the quotient of the 2d term divided by the 
C 


5 = a 24.21 9 nam 126, 
iſt in the 3 mentioned in the 8h and gth propoſit ions; 


and when each of theſe quotients are found, it remains then only to 


multiply them by the conſtant 3d term 43429, or rather 43429'8, 0 


of the proportion, to produce the logarithms of the ratios 


, 8 mm 1- 5 0000 2 p > 1 E 
L222. i £2. can =; then adding - theſe conti- 


1000009 g999 9999 P | : 
nally to 4 the logarithm of 10000 the leaſt number, or ſubtractin 
them from 5 the logarithm' of the 1 term 100000, there wil 
reſult the logarithms of all the abſolute numbers from 10000 ta 


100000, Now when e is = 0.5, then 
a ac ac ac? | 
7 Door, . — „ ee e r 57 


„ TRY Pp | | 
kc; therefore — 7 T * & Is = 00100000500002500012 5, 


la like manner, if 051. 5, then 5; will be =-003000015000225003375 3 
. 8 Na 


and if c g · 5, then —5 will be 2=-00t000025000625015625 x 


"> 3... 4 . 4 r E 
5 25, &c: "that ſo c may. be re- , 


ve. But inſtead of conſtructing all the values of = im the ofa 5 


way of raiſing the powers, he ditects them to be found by addi- 
| N2. tion 
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tion only, as in the laſt propoſiion, Having thug TT 2342s 
found all the values of — the author then ſhews 4 Faw + 
that they may be drawn into the conſtant logarithm : 22 
43429 by addition only, by the help of the annexed | 5 | 217145 
table of the firſt g products of it. vi | 6] 260574 

The author then diſtinguiſhes which of the 2 304003 
logarithms it may be proper to find in this wav, 347432 
and which from their component parts. Of 2 3908511 


theſe the logarithms of all even numbers need not be thus 
computed, being compoſed from the number 2; which cuts off one 
half of the numbers: neither are thoſe numbers to be computed 
which end in 5, becauſe 5 is one of their factors; theſe laſt are 4, 
of. the numbers; and the two together 1++x; make 4 of the whole: 
and of the other 35, the 3 of them, or I of the whole, are compoſed 
of 3; and hence , or 74 of the numbers, are made up of ſuch 
as are compoſed of 2, 3, and 5. As to the other numbers which may 
be compoſed of 7, of 11, &c ; he recommends to find their logarithms 
| in the general way, the ſame as if they were incompoſites, as it is not 

| worth while to ſeparate them in ſo eaſy a mode of calculation. 80 
| that of the go chiliads of numbers from 10000 to 100000, only 24 
| chiliads are to be computed, Neither indeed are all of theſe to be 


calculated from the foregoing ſeries for t, but only a few of 


them in that way, and the reſt by the proportion in the 8th propo- 
| | ſition. | Thus having computed the logarithms of 10003 and 10013, 
| omitting 10023 as being diviſible by 3, eſtimate the logarithms & 
10033 and 10843, which are the 30th numbers from 10003 and10013; 
| and again omitting 1003Þ a multiple of 3, find the logarithms 
| of 10863 and 10073. Then by prop. 8, ES 
As 10048, the arithmetical mean between 10033 and 10063, 
to 10018, the arithmetical mean between loco; and 10033, 
ſo 13006, the difference between the logarithms of 10003 and 10033, 
to 12967, the difference between the logarithms of 10033 and 10063; 


10048 | 12967 
That is, 1ſt As) 10078 : 10018 :: 13006 : J &c, 
10108 
10068 ; 12953 
Again, As 4 10088 þ : 10028 :; 12992: J &c. 
10118 0 


+ 10068 : . 45. 12940 
And 3dly, As _ : 10038 ;: 12979 4 &. 
| ec I: ;- * 
And with this our author concludes his compendium for con- 
ſtructing the tables of logarithms. 


He afterwards ſhews ſome applications and relations of the doc- 
trine of logarithms to geometrical figures; in order to which, in 


prop. 


1 
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prop. 14 he proves algebraically that, in the right- 
angled hyperbola, if from 'the vertex and from any 
other point there be drawn BH FH Lr to 
the aſymptote AH, or parallel to the other aſymp- 
tote; then will AH : AI:: BI : FH. And A 
In prep. 15, if AI=BI=r, and HI = aa; then will * 
FH= LI &c in infinitum, 
by a continual algebraic diviſion, the proceſs of which he deſcribes 
ſtep by ſtep as à thing that was new or uncommon, But that 
method of divifion had been taught before by Dr. Willis in his Opus 
Arithmeticum. 2 bv e 
Prop. 16 is this: _ given number being ſuppoſed to be divided 
into innumerable ſmall equal parts, it is required to affign the ſum 
of any powers of the continual ſums of thoſe innumerable parts. 
For which purpoſe he lays down this rule; if the next higher 
wer of the given number, above that power whoſe ſum is ſought, 
divided by its exponent, the quotient will be the ſum of the 
powers ſought, That is, if N be the given number, and @ one of 
its innumerable equal parts, then will 1 


. 2's hk nm e 


N - n+1 

monſtrates by a method of induction. And this, it is evident, is 
the finding the ſum of any powers of an infinite number of arith- 
meticals, of which the greateſt term is a given quantity, and the 
leaſt indefinitely ſmall, '' It is alſo markt that the above expreſ 
ſion is ſimilar to the rule for finding the fluent to the given fluxion 
of a power, as afterwards taught by Sir I, Newton. 

Our author then applies this rule in prop. 17, to the quadrature. 
of the hyperbola. Thus, putting AT= 1, conceive the aſymptote to 
be divided from I into innumerable equal parts, namely Ip=pq=qr 
ga; then, by the 14th and 15th, s. 


” . But the area BIru is =the ſum ps qt 
t =1—24+ 44*%— 843 & c rin m ps 4q! 
| =1=-3a+ 9ga*— 2743 &c ＋ ru, which is = 3 

3—6a+ 144*—36a3 &c, that is, equal to the number of terms 
contained in the line Ir, minus the ſum of thoſe terms, plus the 
ſum of the ſquares of the ſame, minus the ſum of their cubes, plus 


the ſum of the 4th powers, &c. Putting now IA = 1, as before, and 
Ip=0-1 the number of terms, to find the area Blps ; by prop. 16 the 


ſum of the terms will be 22 =-005, the ſum of their ſquares= 
000333333» the ſum of their cubes -000025, the ſum of the th po- 
wers..=:000002, the ſum of the 5th powers =-000000166, the ſum 
of the 6th powers ='000000014, &c, Therefore the area BIps is 


1 —*005 + 000333333 — *000025 + *000002— *000000166 + 


* 000000014 &c, = *100335347 - 005025166 = 095310181 &c, 
Again, putting - ny the number of terms, he finds in like 
manner the area Blqt = 21 02205 + *003087 — 000486202 + 
| *'000081682 - 


1 coc Tb U or 


*000081682, = 000014294 + *000002572 —,*000000472, + :. 
"000000088 de ="*21717 1345 =, *022550984 19962036 1 &c. 
He then adds, hende it 1 that, as the ratio of Al to Ap, or 
I to 11, is half br fuhdüplicate of the ratio of Al.to Aq, or 1 to 
1˙21, ſolthe area BIpS is N nd to be half of the area Blat. 
Theſe areas he comipiites to 44 places of figures, and finds them 
ſtill in: the ratio of 2.to 1. „i 5 
The foregoing doctrine amounts to this, that if the zeQangle. BI 
* Ir, which in this caſe, is expreſſed by Ir only, be put.='4, Al bes 
ing S i as before; then the area Blru, or the hyperbolic logarithm' 
of 1+ A, or of the ratio of 1 to 1 + A, will be equal ta-the.infinite- 
ſeries 1 — 4. . ; 14 +34 &; and which therefore may be 
conſidered as Mercator's quadrature of the hyperbola, or his gene- 
ral expreſſion of an Bypeypolic logarithm in an infinite ſeries. And 
this metliod was farther, improved by Dr. Wallis in the Philoſ. 
'Traiif, for the year 1668. „ .* x the. 
In Prob. 18 our author compares the hyperbolic. arzole with the ra- 
tiuhculæ of equidifferent numbers, and obſerves that 
the ifevla BIps is the meaſure of the ratiuncula of AT to Ap, 
the areola spqt is the meaſure of the ratiuncula of Al to Aq,,, 
ths areols tqrit'is the meaſure of the ratiuncula of Aq to Ar, &c, 
Finally, in the 19th Prop. he ſhews. how. the ſums of logarithms. 
_— taken after the manner of the ſums of the areolæ. And from 
bereerinfers zs x corollary, how dhe contigual product of any given 
numbers in WMithmietical progref on may be ohtained: for the 
ſum df che Togarithms is the Icgarithm of the continual. product. 
He chen femär ks tflat from the-premiſes it appears in what manner 
Merſennus's problem may be reſolved, if not qcometrically, atleaſt 
in 6 whe number bf places. And thus cloſes this ingenious 
trad. a 5 „ Mare 2145; of en ene a ther m 
In thie Philef, Tranf. for 1668 are alfo given ſome farther jlluſtra-- 


S.@ 3» * — 2 


ed perſons. 
Of Gregetyn Bxercitationts Geomotricc. 
In the fame year:r668 came but Mr, James Gregory's Exercit- 


tiones Geometricz; in which are contained 6k 

1, Appendicula ad veram circuli et hyperbolz quadraturam : 

2, N. e hyperbolæ geametrice demonſtrata: 

3, Analogia inter ineam meri ianam planisphærii nautici et tan- 
gentes artificiaſes geometrieꝭ demonſtrata; ſeu quod ſecantium na- 
turalium additio efficiat tangentes artificiale s 

4, Item, quot tangentium natutallum additio efficiat ſecantes arti- 
ficiales 

5, Quadratura"c6nchoidis: _ 

6, Quadratura"cifloidis; & © 

7. Metho- 
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7 Methodus facilis et accurata componendi ſecantes at tangen- 
ted 1 ou * e ür - an 2 

© The firſt of theſe pieces, or the ndicula, contains ſame far- 
ther extenſion and MURration of his #2 circuli gt byperbolg guadratu- 
ra, occaſioned by the animadverſions made op that work by the fa- 
mous mathematician and philoſopher Huygens. 

In the 2d is 1 geometrically the quadrature of the hyper- 
bola, by which he finds a ſeries fimilar to Mercator's or the logarithm 
or the hyperbdtie ſpace beyond the firſt ordinate (BI, fig. pa. 92.) 
In like manner he finds another ſeries for the ſpace at an equal diſtance 
within that ordinate. Theſe' two ſeries baying all their terms alike, 
but all the ſigns of the one plus, and thole of the gther alternately 
plus and minus, by adding the two together, eyery other term is can- 
cell and the double of the reſt denotes the ſum of both ſpages. He 
then ies theſe properties to the logs ithms; the concluſion from 
all which may be thus briefly expreſſed; | 

fince A—Z + 3/4—} A &c. = the log. of 1 5 

WEE 1 <3 5 : 

aL TID TIO SW 
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therefore 24 +34 +x34 +347 &C. = the log, of, =, or of the. ra- 


tio of i—4 toi1+4 Which may be accounted My, James Gre-. 
gory's method of making logarithms.” oO | 
The remainder of this little volume is chiefly employed about. 
the nautical meridian, and the logarithmic tangents and ſecants. 
It does not appear by whom, tor by What accident, was, diſcovered. 
the analogy between a ſcale of logarithmic tangents and Wright's. 
protraction of the nautical meridian line, which, conſiſted of the 
ſums of the ſecants. It appears however to have been firſt publiſke 4 
and iintrodured into the practice of navigation, by Mr. Henry Bond, 
who mentions this property in an edition of Ngrwood's Epitome of 
Navigation; printed” abou? 1645 and he. again treats. of it more. 
fully in an edition of Gunter's works printed in 1663. where he 
teaches, from this propetty, to reſolve all, the caſes of Mercator's. 
ſailing by 'the" logarithmic tangents, independent of the table of 
meridtonal parts. This analogy bad only been found to be nearly. 
true by trials, but not Semant to be a mathematical property. 
dach demonſtration ſeems to have been fitſt diſcovered by Mr: Ni- 
cholas Mercator, who, deſirous of making the moſt advantage of 
this and "another" concealed invention of his. in navigation, by a 
paper in the Phifoſ. Tranſ. for June 4, 1666, inxites the public. to 
enter into 4'wager with him on his ability, to proye the truth or 
falſehood of the fuppoſed anilogy, This mercenary propoſal how-.. 
ever ſeems not to have been taken up 7 any one, and Mercator re- 
ſerved his demonſtration. The propo al hawe er excited the atten- 
tian of mathematicians to the ſubject itſelf, = a demonſtration was 
not Jong wanting. The firſt was publiſhed about two years after by 
Gregory in the tract now under conſideration, and from * 
OT CELLAR TELE FS Rs he. I * We er 
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other ſimilar properties here demonſtrated, he · ſhews in the laſt ar- 
ticle how the tables of logarithmic tangents and ſecants may 
eaſily be computed from the natural tangents and ſecants. The 
ſubſtance of which is as follows : | | 
Let Al be the arc of a quadrant extended 
in 2 right line, and let the figure AHI 
be compoſed of the natural tangents of a 
every arc from the point A erected perpen- 
dicular to AI at their reſpective points: 
let AP, PO, ON, NM, &c, be the very 
ſmall equal parts into which the quadrant is 
divided, namely, each 2, or re of a degree, | 
draw PB, OC, ND, , &c perpendicular to — 
AT. Then it is manifeſt from what had been 
monſtrated, that the _ ABP, ACO, &c are the artificial 
ſecants of the arcs AP, AO, &e, putting o for the artifici- 
al radius. It is alſo manifeſt that the rectangles BO, CN, DM, &c 
will be found from the multiplication of the ſmall part AP of the 
| quadrant by each natural tangent. But, he = there is a little 
more difficulty in meaſuring the figures ABP, BCX, CDV, &; 
for if the firſt differences of the tangents be equal, AB, BC, CD, 
&c will not differ from right lines, and then the figures ABP, BCX, 
CDV, &c will be right-angled triangles, and therefore any one, as 
HQG, will be = 3QH x : but if the ſecond differences be equal, 
the ſaid figures will be portions of trilineal quadratices, for example 
HO will be a portion of a trilineal quadratrix, whoſe axis is pa- 
rallel to QH; and each of the laſt —— being Z, it will be 
QHG = IQH x GM Z x : and if the za differences be equal, 
the ſaid figures will be portions of trilineal cubices, and then ſhall 
QHG be equal ZQH x QG — /QHxXZx 
when the 4th differences are equal, the ſaid figures are portions of 
trilineal quadrato-quadratices, and the 4th differences are equal to 
24 times the 4th power of Q divided by the cube of the latus 
rectum; alſo when the 5th differences are equal, the ſaid figures 
are portions of trilineal ſurſolids, and the 5th differences are equal 
to 120 times the ſurſolid of Q divided by the 4th power of the 
latus rectum; and fo on in infinitum. What has been here ſaid of 
the compoſition of artificial ſecants from the natural tangents, it is 
remarked, may in like manner be underſtood of the compoſition of 
artificial tangents from the natural ſecants, according to what was 
before demonſtrated. It is alſo obſerved that the artificial tangents 
and ſecants are computed, as above, on the ſuppoſition that © is the 
| logarithm of 1, and 1000000000000 the radius, and 
230258509299404.5624017870 the logarithm of 10; but that they 
may be more eaſily computed, namely by addition only, by putting 
Ex of a degree = QG = AP =1, and the logarithm of 10 g 791570 
EF for by this means ZQH x Qs is= fQH = Guts, 
and 1H x Q&T -Z x QT — 112 = QHG, 6 
| 0 


. 


LOGARITHMS. 97 


alſo H x QG -\/.,QH x Z x = Z* *% QG® = 12QH — 
Vi QUxZ—— H: And finally by one diviſion only 


17 28 


are found the artificial tangents and ſecants to 1000000000000000 
the logarithm of 10, putting {till 1 for radius, which are tho differ- 
ences of the artificial tangents and ſecants in the table 'from that 
artificial radius; and to make the operations eaſter in multiplying by 
the number 7915704467897819, or logarithm of 10, a table is ſet 
down of its products by the firſt ꝙ figures. But if AP or Q be 
rig of a degree, the artificial tangents and ſecants will anſwer to 
13192840779829703 as the logarithm of 10, whoſe firſt g multi- 
ples are alſo placed in the table. But to repreſent the numbers by 
the artificial radius rather than by the logarithm of 10, the author 
directs to add ciphers, & .— And ſo much for Gregory's Exercita- 


*trones Geometrice. 


The ſame analogy between the logarithmic tangents and the 
meridian line, as alſo other ſimilar properties, were afterwards more 
elegantly demonſtrated by Dr. Halley in the Philoſ. Tranſ. for Feb. 
1696, and various methods given for computing the ſame, by exa- 
mining the nature of the ſpirals into which the rhumbs are tranſ- 
formed in the ſtereographical projection of the ſphere on the plane 
of the equator : the doctrine of which was rendered ftill more eaf 
and elegant by the ingenious Mr. Cotes in his Logometria, fi 
printed in the Philoſ. Tranſ. for 1714, and afterwards in the collec- 
tion of his works publiſhed in 1732 by his couſin Dr. Robert Smith, 
who ſucceeded him in the Plumian profeſſorſhip of philoſophy in 
the Univerſity of Cambridge. 

The learned Dr Iſaac Barrow alſo, in his Lefiones Geometrice, 
Lea. XI. Append. firſt publiſhed in 1672, delivers a fimilar property, 
namely, that the ſum of all the ſecants of any arc, is analogous to 
the logarithm of the ratio of r + to r-, or radius plus fine to radius 
minus fine ; or, which is the ſame thing, that the meridional parts 
anſwering to any degree of latitude, are as the lozarithms of the ra- 
tios of the verſed fines of the diſtances from the two poles. : 

Mr. Gregory's method for making logarithms was farther exem- 
* in numbers, in a ſmall tract on this ſubject, printed in 1688, 

y one Euclid Speidell, a ſimple and illiterate perſon, and fon of 
John Speidell before mentioned among the firſt writers on loga- 
rithms. 

Mr. Gregory alſo invented N ot her infinite ſeries, and among 
them theſe here following, viz. @ being an arc, 7 its tangent, and 3 
the ſecant, to the radius r; then is | N 


W * 77⁵ 2 &c. 

* a? 25 17a⁷ 62a 
EDEN 317 ＋ 1 31 23 
F 5a® 612 2774 Kc. 


1 
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And if 2 and be the artificial or logarithmic tangent and ſecant 
of the ſame arc a, the whole quadrant being g, and'e = 28—, 
q ; then : 
3 15 6177 297179 
Fae Fw 57 + 277 504075 + 725775 &c, 
. e3 4 es 65157 4 2770 
„ Ot 
a* 5 Ts 82305 


Dritt i 155 Ke. 
2 


. 


4 = 12 +1 oO Þ+Þ nt &c. 


The inveſtigation of all which ſeries may be ſeen at pa. 298 et 
4 vol. 1. Dr Horſley's learned and elegant commentary on Sir J. 

ewton's works, as they were given in the Commercium Epiſtolicum 
No xx without * ror Lare and where the number 2 is alſo 
wanting in the denominator of the firſt term of the ſeries expreſſing 
the value of 6. | 

Such then were the ways in which Mercator and Gragary ap- 
plied theſe their very ſimple ſeries A — ZA* + !A3 A“ &c, and 
A THA + #A3 + A! &c, for the purpoſe of computing logarithms, 
But they might, as I apprehend, have applied them to this purpoſe 
in a ſhorter and more direct manner, by computing, by their means, 
only a few logarithms of ſmall ratios, in which the terms of the ſeries 
would have decreaſed by the powers of 10 or ſome greater number, 
the numerators of all the terms being unity, and their denominators 
the powers of 10 or ſome greater number, and then employing theſe 
few logarithms, ſocomputed, to the finding of the logarithms of other 
and greater ratios by the eaſy operations of mere addition and ſubtrac- 
tion. This might have been done for the logarithms of the ratios of 
the firſt ten numbers, 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11, to 1, in the 
following manner, communicated by Mr Baron Maſeres—In the 
firſt place the logarithm of the ratio of 10 to q, or of 1to , or of 1 


to 1 — fe, is equal to the ſeries 28 + ———_ * 7 100 — + 7% 10000 — 


+ 77750509, &c. In like manner are eaſily found the logarithms of 
the ratios of 11 to 10; and then by the ſame ſeries thoſe of 121 to 
120, and of 81 to 80, and of 2401 to 2400; in all which caſes the 
ſeries would converge ſtill faſter than in the two firſt caſes. We may 
then proceed by mere addition and ſubtraction of logarithms, as follows. 


AL. 13 TL. 2, L. = U.. L. 22 = 1. 8— L, 5! 
1. . = If L. i=, 
I. % = I. i 4. L. 15, L. A B. 1 L. 2, L. 4 L. E. 

L. = Ly L. iL. Hg 21. 4, L. 1 L. 1 L.;. 


Having thus got the logarithm of the ratio of 2 to 1, or, in com- 
mon language, the logarithm of 2, the logarithms of all ſorts of 
even numbers may be derived from thoſe of the odd numbers which 
are their coefficients with 2 or its powers. I would then proceed as 
follows. L. 4 


— 


L. 
L. 
L. 
L. 


U 
5 
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48S 3L.3, L. 1o0 = 2 L. 10, L. 2401 L. es L. 2400, 
10 = L. L. 4, [L. 8 = FR 2, L. 7 L. 2401, 

9 = L. 2 TIL. 2, L. 24 S L. 8 ＋ L. 3, L. 11 g LXI＋T IL. 9, 

3 241. 9 L. 2400 = L. ioo L. 24, L. 6 = L. 2 ＋ L. z. 


Thus we have got the logarithms of 2, 3, 4, 5, 6, 7, 8, 9, 10, and 11. 

And this is upon the whole, perhaps the beſt method of computing 
logarithms that can be taken. There have been indeed ſome me- 

thods diſcovered by Dr. Halley, and other mathematicians, for com- 

puting the logarithms of the ratios of prime numbers to the next ad- 
jacent even numbers, that are ſtill ſnorter than the application of the 
foregoing ſeries. But thoſe methods are leſs ſimple and eaſy to un- 
derſtand and apply than theſe ſeries; and the computation of loga- 
rithms by theſe ſeries, when the terms of them decreaſe by the po- 
wers of 10, or of ſome greater number, is ſo very ſhort and eaſy 
(as we have ſeen in the foregoing computations of the logarithms of 
the ratios of 10 to 9, 11 to 10, 81 to 80, 121 to 120, &c,) that it is 
not worth while to ſeek for any ſhorter methods of computing 
them. And this method of 3 — logarithms is very nearly the 
ſame with that of Sir Iſaac Newton in his ſecond letter to Mr. 
Oldenburg, dated October 1676, as will be ſeen in the following ar- 
ticle. 


Of Sir Iſaac Newton's Methods. 
The excellent Sir I. Newton greatly improved the quadrature of 


the hyperbolical-aſymptotic ſpaces by infinite ſeries, derived from 


the general quadrature of curves by his method of fluxions ; or rather 
indeed he invented that method himſelf, and the conſtruction of lo- 
1 derived from it, in the year 1665 or 1666, before the pub- 

ication of either Mercator's or Gregory's books, as appears by his 
letter to Mr, Oldenburg dated Oct. 24, 1676, printed in pa. 634 et 
ſeq. vol. 3 of Wallis's works, and elſewhere. The 
quadrature of the hyperbola, thence tranſlated is to 
this effect. Let d FD be an hyperbola, whoſe cen- 
ter is C, vertex F, and interpoſed ſquare CAFE 
=1. In CA take AB and Ab on each fide = p, | 
or ©*1: And, erecting the perpendiculars BD, bd; C 
half the ſum of the ſpaces AD and Ad will be B 

= 0.1 + — + — + — &c. 

and the half diff, = 5 + == + 2229227 + 22292227 re, Which 
reduced will ſtand thus, 


1.0000000000000 0.0050000000000 'The ſum of theſe 0.1053605156577isAd. 


3333333333 - 250000000 and the differ. o. 101798043 is AD, 
20000000 1666666 In like manner —— AB and Nb 
142857 12500 each = 0.2, there is obtained 
1111 100 Ad = o. 2231435513142, and 
ns 9 1 AD= , 1823215567939. 


0. 100335347770 3 
: 2 


Having 
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Having thus the hyperbolic logarithms of the four decimal num- 


12 


bers o. 8, O. 9, 1.1, and 1.23 and ſince — o 5 2, and 0.8 and 0.9 are 


leſs than unity; add their logarithms to double the logarithm of 1.2» 
and you will have 0.6931471805597 the hyperbolic logarithm of 2, 


To the triple of this add the logarithm of 0.8, becauſe == 


10, and you have 2.3025850929933 the logarithm of 10. Hence 
by one addition are found the logarithms of g and 11: And thus 
the logarithms of all theſe prime numbers 2, 3, 5, 11 are prepared. 
Moreover, by only depreſſing the numbers, above computed, lower 
in the decimal places, and adding, are obtained the logarithms of 
the decimals 0.98, 0.99, 1.01, 1.02 ; as alſo of theſe 0.998, 0.999, 
1.001, 1.002: And hence by addition and ſubtraction will ariſe the 
Jogarithms of the primes 7, 13, 17, 37, &c. All which logarithms 
being divided by the above logarithm of 10, giye the common lo- 
garithms to be inſerted in the table. 5 

And again a few pages farther on in the ſame letter he reſumes the 
conſtruction of the logarithms, thus: Having found, as above, the 
hyperbolic logarichms of 10, 0.98, 0:99, 1.01, 1.02, which may be 
effected in an hour or two, divide the laſt four logarithms by the loga- 
rithm of 10, and adding the index 2, you will have the tabular loga- 
rithms of 98, 99, 100, 101, 102. Then by interpolating nine 
means between cach of theſe, will be obtained the logarithms of all 
numbers between 980 and 1020; and again interpolating g means 
between every two numbers from = to 1000, the table will be ſo 
far conſtructed. Then from theſe will be collected the logarithms 
of all the primes under 100, together with thoſe of their multiples : 
all which will require only addition and ſubtraction; for 

0 49934 X 1020 10 98 . 101 10 

Y 9945 = =" rey 95 — Dn 132 7 1, 

3 6 1 992 — ,, 999 8 
727 19.7425 23, 27777 29, 32 37, 27 37. = 41, 


— 


29 2 27. e 9349 
23 D 43) = AJ iki; 33 13713 359 ˙œN 1 61, xo 67, 
954 9928 99 54 996 9968 9894 


14 = 1-7; = 13 K 79% 83, 750 89, gon; = 97. 


This quadrature of the hyperbola, and its application to the con- 
ſtruction of logarithms, are ſtill farther explained by our celebrated 
author in his treatiſe on Fluxions, publiſhed by Mr Colſon in 1736, 
where he gives all the three ſeries for the areas AD, Ad, Bd, in ge- 
neral terms, the former the ſame as that publiſhed by Mercator, and 
the latter by Gregory ; and he explains the manner of deriving the 
latter ſeries from the former, namely by uniting together the two 
ſeries for the ſpaces on each fide of an ordinate, bounded by 
other ordinates at equal diſtances, every ad term of each ſeries is 


cancelled, 
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cancelled, and the reſult is a ſeries converging much quicker than 
either of the former. And, in this treatiſe on fluxions, as well as 
in the letter before quoted, he recommends this as the moſt commo- 
dious method of conſtructing a canon of logarithms, computing by 
the ſeries the hyperbolic ſpaces anſwering to the prime numbers 
2, 3, 57 7, Il, &c, and dividing them E 29940457, 
which is the area correſponding to the number 10, or elſe multiply- 
ing them by its reciprocal o. 43429448 19032518, for the common lo- 
garithms. Then the logarithms of all the numbers in the canon 
which are made by the multiplication of theſe, are to be found by 
the addition of their logarithms, as is uſual. And the void places are 
to be interpolated afterwards by the help of this theorem: Let » be a 
number to which a logarithm is to be adapted, x the difference be- 
tween that and the two neareſt numbers equally diſtant on each ſide, 
whoſe logarithms are already found, and let 4 be half the differ- 
ence of the logerithms; then the required logarithm of the number 
dl. . 
„ will be obtained by adding d + =} — &c to the logarithm of 
the leſs number.” This theorem he demonſtrates by the hyperbolic 


areas, and then proceeds thus; The two firſt terms 4+ E of this 
27 


ſeries I think to be accurate enough for the conſtruction of a canon 
of logarithms, even though they were to be produced to 14 or 1 5 
figures ; provided the number whoſe logarithm is to be found be not 
leſs than 1000. And this can give little trouble in the calculation, 
becauſe x is generally an unit, or the number 2, Yet it is not ne- 
ceſſary to interpolate all the places by the help of this rule. For the 
logarithms of numbers which are produced by the multiplication or 
diviſion of the number laſt found, may be obtained by the numbers 
whoſe logarithms were had before, by the addition or ſubtraction of 
their logarithms. Moreover by the differences of the logarithms, and 
by their 2d and 3d differences, if there be occaſion, the void places 
may be more expeditiouſly ſupplied ; the foregoing rule being to be 
applied only when the continuation of ſome full places is wanted, in 
order to obtain thoſe differences, &c.” So that Sir I. Newton of 
himſelf diſcovered all the ſeries for the above quadrature which were 
found out, and afterwards publiſhed, partly by Mercator and partly 
by Gregory; and theſe we may here exhibit in one view all toge- 
ther, and that in a general manner for any hyperbola, namely putt- 
ing CA = 4, AF = b, _ AB = Ab= x; then will | 

BD ===, and bd = — ; whence the area 


bx? $43 bx* bs 


I 3 , bat bx Bs 
Ad = be +5 +2 +5 +, e. 
' 2648 


Bl = 21 TA 2 44 25 


a 
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In the ſame letter alſo, above quoted, to Mr. Oldenburg, our illuſ- 
trious author teaches a method of conſtructing the trigonometrical ca- 
non of ſines by an eaſier method of multiple angles than that before 
delivered by Briggs for the ſame purpoſe, becauſe that in Sir Iſaac's 
way radius or 1 1s the firſt term, and double the fine or coſine of 
the firſt given angle is the 2d term of all the proportions by which 
the ſeveral ſucceſſive multiple fines or coſines are found. The ſub- 
ſtance of this method is thus: The beſt foundation for the conſtrue- 
tion of the table of fines, is the continual addition of a given angle 
to itſelf or to another given angle. As if the angle A be to 


. 2" RES ERTIES. 


| LL NYP 
be added; inſcribe HI, IK, KL, LM, MN, NO, OP, &c each 
equal to the radius AB; and to the oppoſite fides draw the perpen- 
diculars BE, HQ, IR, KS, LT, MV, NX, OY, &c; ſo ſhall the 
angle A be the common difference of the angles HIQ, IKH, KLI, 
LMK, &c; their fines HQ, IR, KS, &c; and their cofines IQ, 
KR, LS, &c. Now let any one of them LMK, be given, and the 
reſt will be thus found: Draw Ta and Kh perpendicular to SV and 
MV ; then becauſe of the equiangular triangles ABE, TLa, KMb, 
ALT, AMV, &c, it will be AB : AE :: KT: Sa (=ZLV + 
2LS) :: LT : Ta (AMV +EKS,) and AB: BE:: LT: 
La (TLS LV) : : KT (AKM): *Mb (=!MV—ZKS.) 
Hence are given the fines and coſines KS, MV, LS, LV. And the 
method of continuing the progreſſions is evident. Namely 
AB : 2AE :: ILV: MT+MX :: MX: NV + NY, &c. 
"np. CIV NX = LT +: MX + OY - MV & 
| 6 3 : NX — 22 : — c 
or AB E MV: MT — MX :: NX : NV — NY &c 
And on the other hand, AB :: 2AE :: LS: KT+KR &c. 
| Therefore put AB = 1, and make BEX LT=La, AExKT = Sa, 
Sa—La= LV, 2AE x LV — TM = MX, &c. 

The ſenſe of theſe general theorems is this, that if P be any one 
among a ſeries of angles in arithmetical progreſſion, the angle d be- 
ing their common nn, then as radius = k 

a .. { cof. P: cof. PA + cof. P-d, where the 4th - 
N 3 coſ. 4: 12 P : fin. Pd + fin. P- terms of theſe 
11188 i. . P : fn. P＋ A4 fin. 54 proportions are 


fin. P: coſ. P A- coſ. P-. the ſums or dif- 
ferences of the ſines or coſines of the two angles next leſs and greater 
| þ than any angle Pin the ſeries; and therefore ſubtracting the leſs ex- 
treme from the ſum, or adding it to the difference, the reſult will be 
the greater extreme, or next fine or coſine beyond that of the term P 
And in the ſame manner are all the reſt to be found, This method 
it is evident, is equally applicable whether the common difference 4 


or 
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or angle A be equal to one term of the ſeries or not: when it ;s one 

of the terms, then the whole ſeries of fines and coſines becomes thus, 

as 1: 2col.d:: | 
fin, d: fin. 24 :: fin. zd: fin, d ſin. 3d: : fin. 3d: fin, 2d+fin. 4d : : fin. 4d: fin, 3d+fin- Sd xc, 
coſ. : TT coſ. 2d: : coſ. ad: coſ. A coſ. 3d: : coſ. 3d: coſ. ad coſ. 44: : coſ. Ad: coſ. 3a. coſ. Sd &c. 

which is the very method contained in the directions given by Mr. 

Abr. Sharp for conſtructing the canon of ſines. 

Sir I. Newton remarks that it only remains to find the fine and 

coſine of a firſt angle A by ſome other method, and for this purpoſe 

he dire&s us to make uſe of ſome of his own infinite ſeries : thus, 

by them will be found 1.57079 &c for the quadrantal arc, the ſquare 

of which is 2.4694 &c; divide this ſquare by the ſquare of the num- 

ber expreſſing the ratio of 90 degrees to the angle A, calling the quo- 

2 3 
tient z; then 3 or 4 terms of this ſeries 1— — „ &c 
24 720 © 40320 
will give the coſine of that angle A. Thus we may firſt find an 


angle of 5 degrees, and thence the table computed to the ſeries of + 
every 5 degrees; then theſe interpolated to degrees or half d 

by the ſame method; and theſe interpolated again; and ſo on as far 
as neceſſary, But two-thirds of the table being computed in this 
manner, the remaining third will be found by addition or ſubſtrac- 
tion only, asis well known. : 

Various other improvements in logarithms and trigonometry are 
owing to the ſame excellent perſonage ; ſuch as the ſeries for expreſ- 
ſing the relation between circular arcs and their fines, coſines, verſed- 
ſines, . tangents, &c; namely, the arc being a, the ſine s, the verſeds 
ſine v, coſine c, tangent t, radius 1, then is 


a =5s +48 T + ral + n + rains” Kc. 

a= of +30? + A „ +rbiv? + 5345 44 1116 c. 
a=t — 33 + 35— 17 ＋ 31m r. &c. 
2 —30 Tri „ -n, TTA = nine Ke. 
c=1 -H TA „ — $150 + 4635575 — ren Kee 
* J — a* + Thea? CY + 373 Nds a 773537585 a * &. 
t= 2 T +5775 in + 143333 © &c. 


Of Dr. Halley's Method. 


Many other improvements in the conſtruction of logarithms are 
alſo derived from the ſame doctrine of fluxions, as we ſhall ſhew here - 
after. In the mean time proceed we to the ingenious method of the 
learned Dr. Edmund Halley, Secretary to the Royal Society, and the 
ſecond Aſtronomer Royal, having ſucceeded Mr. Flamſteed in that 
honourable office in the year 1719 at the Royal Obſervatory at 
Greenwich, where he died the 14th of January 1742, in the 86th year 
of his age. His method was firſt printed in the Philoſophical Tranſ- 
actions for the year 1695, and it is entituled * A moſt compendious 
and facile method for conſtructing the logarithms, exemplified and de- 
monſtrated from the nature of numbers, without any regard to the 

/ ; yperbola, 
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hyperbola, with a ſpeedy method for finding the number from the 


iven logarithm.” 

Inftead of the more ordinary definition of logarithms, numerorum 
proportionalium equidifferentes comites, in this tract our learned author 
adopts this other, numeri rationum exponentes, as being better adapted 
to the principle on which logarithms are here conſtructed, where 
thoſe quantities are not conſidered as the logarithms of the numbers, 
for example, of 2, or of 3, or of 10, but as the logarithms of the ra- 
tios of 1 to 2, or 1 to 3, or 1 to 10. In this conſideration he firft 
purſues the idea of Kepler and Mercator, remarking that any ſuch 
ratio is proportional to, and is meaſured by, the number of equal 
ratiunculæ contained in each; which ratiunculæ are to be — 
ſtood as in a continued ſcale of proportionals, infinite in number, be- 
tween the two terms of the ratio; which infinite number of mean 
proportionals is to that infinite number of the like and equal ratiun- 
culæ between any other two terms, as the logarithm of the one ra- 
tio is to the logarithm of the other: thus, if there be ſuppoſed be- 
tween 1 and 10 an infinite ſcale of mean proportionals, whoſe num- 
ber is 100000 &c in infinitum ; then between x and 2 there will be 
30102 &c of ſuch proportionals; and between 1 and 3 there will be 
47712 &c of them; which numbers therefore are the logarithms of 
the ratios of 1 to 10, 1 to 2, and 1 to 3. But for the ſake of his 
mode of conſtructing logarithms, he changes this idea of equal rati- 
unculæ for that of other ratiunculæ, ſo conſtituted as that the /ame 
infinite number of them ſhall be contained in the ratio of 1 to every 
other number whatever; and that therefore theſe latter ratiunculæ 
will be of unequal or different magnitudes in all the different ratios, 
and in ſuch fort that, in any one ratio, the magnitude of each of the 
ratiunculæ in this latter caſe, will be as the number of them in the for- 
mer. And therefore if between 1 and any number propoſed, there be 
taken any infinity of mean proportionals, the infinitely ſmall augment 
or decrement of the firſt of thoſe means from the firſt term 1, will be a 
ratiuncula of the ratio of 1 to the ſaid number; and as the number of 
all the ratiunculæ in theſe continued proportionals is the ſame, their 
ſum or the whole ratio will be directly proportional to the magnitude 
of one of the ſaid ratiunculæ in each ratio. But it is alſo evident 
that the firſt of any number of means between 1 and any number, is 
always equal to ſuch root of that number whoſe index is expreſſed by 
the number of thoſe proportionals from 1; ſo if m denote the number 
of proportionals from 1, then the firſt term after 1 will be the th 
root of that number. Hence the indefinite root of any number bein 
extracted, the differenticls of the ſaid root from unity, ſhall be as the 
logarithm of that number. So if there be required the logarithm of the 


ratio of 1 to1+9; the firſt term after 1 will be 1 Ty, aud there. 
fore the required logarithm will be as 1. But, by the bino- 


mial theorem, N is - 1＋ —g+ 2 f . n 


& c; or by omitting the 1 in the compound numerators, as infi- 
, nitely 


| 
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nitely ſmall in reſpe& of the infinite number m, the ſame ſeries will 


become 1 + 59 + — +2: , &c, or by abbreviation 
it is 1427 —= 0 12 2 &c;z and hence finding the 
differentiola by ſubſtracting 1, the logarithm of the ratio of 1 to 1 
+ g will be as £ into 17 +39 17 + % Ke. Now 
the index m may be taken equal to any infinite number, and thus 
all the varieties of ſcales of logarithms may be produced: ſo, if »: be 
taken 1000000 &c, the theorem will give Napier's logarithms ; but if 
„ be taken equal to 230258 &c, there will ariſe Briggs's logarithms, 
This theorem being for the increaſing ratio of 1 toi +q ; if that 
for the decreaſing ratio of 1 to 1 — be alſo ſought, it will be ob- 
tained by a proper change of the ſigns, by which the decrement of 
the firſt of the infinite number of proportionaks will be found to be 
r into +39 +3 &c, which therefore is as the logarithm 


of the ratio of 1 to 1 —g. 

Hence the terms of any ratio being a and h, g becomes =, or the 
difference divided by the leſs term, when it is an increaſing ratio; or 
g= — when the ratio is decreaſing, or as b to a. Wherefore the 


logarithm of the ſame ratio may be doubly expreſſed; for putting x 
for the difference b—a of the terms, it will be l 


- 1 * ax? x3 ** 
either — into = — — + „* 


1 * a3 ** 
: er] rom e ire 
But if the ratio of a to b be ſuppoſed divided into two parts, namely, 
into the ratio of à to 5a + 46 or fx, and the ratio of 2 to h, then 
will the ſum of the logarithms of thoſe two ratios be the logarithm 


of the ratio of a to 5. Now by ſubſtituting in the foregoing ſeries 
the logarithms of thoſe two ratios will - egos P. 


3 1 a a3 0 
re 

pf 29% * * as 

rr, of | 38 as. 227 F a 

— into 2 0 7 &c will be the log. of the ratioof à tob, 


Moreover, if from the logarithm of the ratio of à to Iz be taken 
that of Z to h, we ſhall have the logarithm of the ratio of ab to 4z* 3 
and the half of this gives that of Jab to x, or of the geometrical 
mean to the arithmetical mean. And conſequently the logarithm of 
this ratio will be equal to half the difference of that of the above two 


. . > a? * * ** 
ratios, and will therefore be ;, into —; + = + F3 + gra &e. 

The above ſeries are ſimilar to ſome that were before given by 
Newton and Gregory for-the ſame purpoſe, deduced from the conſi- 


deration of the hyperbola. But the rule which is properly our au- 
; P | thor's 


106 CONSTRUCTION OF 


thor's own, is that which follows, and is derived from the ſeries 
above given for the logarithm of the ſum of two rativs. For the 
ratio of ab to 12 or J ＋ J + 1/7, having the difference of its 
terms 4 — Jab ＋ 42 or $6 — 4)? or g, which in the caſe of find- 
ing the logarithms of prime numbers is always 1, if we call the ſum 
of the terms 422 ＋ 4b ge, the logarithm of the ratio of „/a to 
Ta + 4b or Iz will be found to be 


. 

inte 5 4 toe the U n 

And theſe rules our learned author exempliſies by ſome caſes in 
numbers, to ſhew the eaſieſt mode of application in practice. 
Again by means of the ſame binomial theorem he reſolves with 


equal facility the reverſe of the problem, namely, from the log- 
arithm given, to find its number or ratio: For as the logarithm 


of the ratio of 1 to 1 + 4 was proved to be 1 + Dm 1, and that 
» & 


of the ratio of 1 to1 —q to be. . 1-1-9“; hence, 
calling the given logarithm L, in the former caſe 


it will be 749” =1 +L, 
1 
and in the latter 1 — 9 = 1—L; : 


$ E 
and therefore 1 T= „that is by the binomial theorem 


and 1 —- 1 2 1— L“ 
ITL m' L'+iw L ＋ u L! + rem L5 Ke, 
and 1=q=1I—nL+ ir L- Li + £m* L* — em L5 &c. 
m being any infinite index whatever, differing according to the 
ſcale of logarithms, being 1000 &c in Napier's or the hyperbolic 
* and 2302585 &c in Briggs's. 
If one term of the ratio, of which L is the logarithm, be given, 
the other term will be eaſily obtained by the ſame rule: For if 
L be Napier's logarithm of the ratio of a the leſs term to à the 
greater, then according as à or h is given we ſhall have 
b=aintoi + L+iL? +L* + 4,14 &c, 
N 4 into i — L + ILZ— ZL TAL &c. 
Whence, by the help of the logarithms contained in the tables, may 
eaſily be found the number to any given logarithm to a great extent: 
For if the ſmall difference between the given logarithm L and the 
neareſt tabular logarithm, either greater or leſs, be called /, and the 
number anſwering to the tabular logarithm à when it is leſs than 
the given logarithm, but þ when greater; it will follow that the 
number anſwering to the logarithm L will be either 
à into 1＋ ITT ＋ B ＋ „ e &c, 
orb into 1 —/+ f —3 + -Þ — % &c. 

which ſeries converge ſo quick, / being always very ſmall, that the 
firſt two terms 1 +/ are generally ſufficient to find the number to 
10 places of figures, 

Dr. Halley ſabjoins alſo an eaſy approximation for theſe ſeries, 
by which it appears that the number anſwering to the log. is nearly 


* 


= 
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r+4] 11] in Napier's * + I Y = 17 | in Briggs's 
. a TH 4 EY x aor 7X4 
where n is = 434294481903 &c. = 2. | 


Of Mr. Sharps Methods. 


The labours of Mr. Abraham Sharp, of Little-Horton near Brad- 
ford in Yorkſhire, in this branch of mathematics, were very great and 
meritorious. His merit however conſiſted rather in the improvement 
and illuſtration of the methods of former writers, than in the inven- 
tion of any new ones of his own. In this way he greatly extended 
and improved Dr. Halley's method above deſcribed, as alſo thoſe of 
Mercator and Wallis ; illuſtrating theſe improvements by extenſive 
calculations, and by them computing our table 5, conſifling of the 
logarithms of all numbers to 100, and of all prime numbers to 1100, 
each to 61 places. He alſo compoſed a neat compendium of the beſt 
methods for computing the natural fines, tangents, and ſecants, 
chiefly from the rules before given by Newton : and by Newton's or 
Gregory's ſeries a = t -t. + 4t5 — 477 &c, for the arc in terms of 
the tangent, he computed the circumference of the circle to 72 
places, namely from the arc of 30 degrees, whoſe tangent t is = 4/4 
to the radius 1. Other aſtoniſhing inſtances of his induſtry and la- 
bour appear in his Geometry Improv'd, printed in 1717, and ſigned 
A. S. Philomath, from whence the ſaid table of logarithms was ex- 
tracted, This ingenious man was ſometime aſkffant at the Royal 
Obſervatory to Mr. Flamſteed the firſt Aſtronomer Royal; and, 
being one of the moſt accurate and indefatigable computers that ever 
exiſted, he was for many __ the common reſource for Mr. Flam- 
ſteed, Sir Jonas Moore, Dr. Halley, &c, in all intricate and trou- 
bleſome calculations. He afterwards retired to his native place at 
Little-Horton, where, after a life ſpent in intenſe ſtudy and calcu- 
lations, he died the 18th of July 1742, in the giſt year of his age. 


Of the Conſtructian of Logarithms by Fluxions. ' 


It appears by the very definition and deſcription given by Napier 
of his logarithms, as ſtated in page 42 of this introduction, that the 
fluxion of his, or the hyperbolic logarithm, of any number, is a fourth 
proportional to that number, its logarithm, and unity ; or, which is 
the ſame, that it is equal to the fluxion of the number divided by the 
number: For the deſcription ſhews that z1 : za or 1 : : 2 the flux- 


ion of z1 ; sa, which therefore is = = 3 but ⁊a is alſo equal to the 
fluxion of the logarithm A &e by the deſcription ; therefore the flux- 
ion of the logarithm is equal to = the fluxion of the quantity di- 


. vided by the quantity itſelf. The ſame thing appears again at art. 


2 of that little piece in the appendix to his Conſlructio Logarithma » 
rum, entituled Habitudines Logarithmorum & ſuorum naturalium nu- 
+ P 3 <, merorum 


is. 


— 
— 
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merorum invicem, where he obſerves that, as any greater quantity is 
to a leſs, ſo is the velocity of the increment or decrement of the log- 
arithms at the plate of the leſs quantity, to that at the greater, Now 
this velocity of the increment or decrement of the logarithms being 
the ſame thing as their fluxions, that proportion is this  : 4: : flux. 
log. a: flux, log. x; hence if @ be = 1, as at the beginning of the table 
of numbers, where the fluxion of the logs. is the index or characte- 
riſtic c, which is alfo 1 in Napier's or the hyperbolic logarithms, and 
43429 &c in Briggs, the ſame proportion becomes x : 1 : : c : flux, 
log. x ; but the conſtant fluxion of the numbers is alſo 1, and there- 


fore that proportion is alſo this x : K:: c 2 = the fluxion of the 
logarithm of x; and in the hyperbolic logarithms, where c is = 1, it 
becomes = = the fluxion of Napier's or the hyperbolic logarithm of 


* 

*. This ſame property has alſo been noticed by many other authors 
ſince Napier's time. And the fame or a ſimilar property is evidently 
true in all the ſyſtems of logarithms whatever, namely that the mo- 
dulus of the ſyſtem is to any number, as the fluxion of its logarithm is 
to the fluxion of the number, | 

Now from this property, by means of the doctrine of fluxions, 
are derived other ways for making logarithms, which have been il- 
Juſtrated by many writers on this branch, as Craig, Jo. Bernoulli, 
and almoſt all the writers on fluxions. And this method chiefly 
conſiſts in expanding the reciprocal of the given quantity in an in- 
finite ſeries, then multiplying each term by the fluxion of the ſaid 
quantity, and laſtly taking the fluents of the terms; by which there 
ariſes an infinite ſeries of terms for the logarithm ſought. So, to 
find the logarithm of any number N; put any compound quantity 


for N, as ſuppoſe © = > 


n ? 
then the flux, of the log. or + being A - —= - —E + 2 — E Kc, 
the Hluents give log. of N or log. of - — = ZE — — 2 &e. 
And writing — x for x gives log. — — 255 2 — 22 &c, 
Alſo becauſe IT = 1, or log. 2 So- log. 
we have log. Ty =—+= == + ee, 
and log, — = += + S+ + ff Ke. 


And by adding and ſubtracting any of theſe ſeries to or from one 
another, and multiplying or dividing their correſponding numbers, 
various other ſeries for logarithms may be found, converging much 


In 


quicker than theſe do. 


In like manner by aſſuming quantities otherwiſe compounded for 
the value of N, various other forms of logarithmic ſeries may be 
found by the ſame means. 


- Of Mr. Cotes's Logometria. 


Mr. Roger Cotes was elected the firſt Plumian profeſſor of aſtro- 
nomy and experimental philoſophy in the univerſity of Cambridge, 
January 1706, which appointment he filled with the greateſt credit, 
till he died the 5th of June 1716, in the prime of life, having not quite 
compleated the 34th year of his age. His early death was a great loſs 
to the mathematical world, as his genius and abilities were of the 
brighteſt order, as is manifeſt by the ſpecimens of his performance 
given to the public. Among theſe are his Logometria, firſt printed in 
number 338 of the Philoſophical Tranſactions, and afterwards in his 
Harmonia Menſurarum publiſhed in 1722 with his other works, by 
his couſin and ſucceſſor, in the Plumian profeſſorſhip, Dr. Robert 
Smith. In this piece he firſt treats in a general way of meaſures of 
ratios, which meaſures he obſerves are quantities of any kind whoſe 
magnitudes are analogous to the magnitudes of the ratios, theſe 
magnitudes mutually increaſing and decreaſing together in the ſame 
proportion, He remarks that the ratio of — has no magni , 
tude, becauſe it produces no change by adding and ſubtracting; that 
the ratios of greater and leſs inequality, are of different affections; 
and therefore if the meaſure of the one of theſe be conſidered as po- 
ſitive, that of the other will be negative; and the meaſure of the ra- 
tio of equality nothing : That there are endleſs ſyſtems of theſe 
which have all their meaſures of the ſame ratios proportional to 
certain given quantities, called moduli, which he defines after- 
wards, and the ratio of which they are the meaſures, each in its pe- 
culiar ſyſtem, is called the modular ratio, ratio modularis, which ra- 
tio is the ſame in all ſyſtems. He then adverts to logarithms, which 
he conſiders as the numerical meaſures of ratios, and he deſcribes the 
method of arranging them in tables, with the uſe of them in multi- 
- plication and diviſion, raiſing of powers and extracting of roots, by 
means of the correſponding operations of addition and ſubtraction, 
multiplication and diviſion. 

After this introduction, which is only a flight abridgment of the 
doctrine long before very amply treated of by others, and particu- 
larly by Kepler and Mercator, we arrive at the firſt propoſition, 
which has juſtly been cenſured as obſcure and imperfeR, ſeemingly 
through an affectation of brevity, intricacy, and originality without 
ſufficient room for a diſplay of this qualification. The reaſoning in 
this propoſition, ſuch as it is, ſeems to be ſomething between that 'of 
Kepler and the principles of fluxions, to which the quantities and 
expreſſions are nearly allied. However as it is my duty rather to 
narrate than explain, I ſhall here exhibit it exactly as it ſtands, This 

opoſition is to determine the meaſure of any ratio, as for inſtance 
that of AC to AB, and which is effected in this manner: — 


* 


tie " - CONSTRUCTION OF 


the difference BC to be divided TD Gn - T 6 


into innumerable very ſmall par- a 

ticles as PQ, and the ratio between AC and AB into as many ſuch 
very ſmall ratios, as between AQ and AP - then if the magnitude of 
the ratio between AQ and AP be given, by dividing there will alſo 
be given, that of PQ to AP; and therefore, this being given, the 
magnitude of the ratio between AQ and AP may be expounded by 


the given quantity + for, AP remaining conſtant, conceive the 


particle PQ to be augmented or diminiſhed in any proportion, and , 
in the ſame proportion will the _—_—_— of the ratio between AQ_ 
and AP be augmented or diminiſhed : Alſo, taking any determinate 


P 
quantity M, the ſame may be expounded by M x A; and there- 
fore the quantity M x will be the meaſure of the ratio between 


AQ and AP. And this meaſure will have divers magnitudes, and be 
accomodated to divers ſyſtems, according to the divers magnitudes of 
the aſſumed quantity M, which therefore is called the modulus of the 
ſyſtem. Now like as the ſum of all the ratios AQ to AP is equal to 
the propoſed ratio AC to AB, ſo the ſum of all the meaſures M x 


=> (found by the known methods) will be equal to the required 


meaſure of the ſaid propofed ratio. 
The general ſolution being thus diſpatched, from the general ex- 
28 e next deduces other forms of the meaſure in ſeveral corol- 
aries and ſcholia: as iſt, The terms AP, AQ, approach the 
nearer to equality as the ſmall difference PQ is leſs; ſo that either 


Mx Dor M „ vill be the meaſure of the ratio between A 


and AP to the modulus M. ad, That hence the modulus Mis to the 
meaſure of the ratio between AQ and AP, as either AP or AQ is to 
their difference PQ, 3d, The ratio between AC and AB being 


given, the ſum of all the => will be given; and the ſum of all the 


M x Ti as M therefore the meaſure of any given ratio is as the 


modulus of the ſyſtem from which it is taken. 4th, Therefore, in 
every ſyſtem of meaſures, the modulus will always be equal to the 
meaſure of a certain determinate and immutable ratio ; which there- 
fore he calls the modular ratio. $th, To illuſtrate the ſolution by an 
example : let z be any determinate and permanent quantity, x a va- 
Tiable or indeterminate quantity, and æ its fluxion ; then to find the 
meaſure of the ratio between z + x and z— x, put this ratio equal 
to the ratio Between y and 1, expounding the number y by AP, its 
fAluxion 5 by PQ, and 1 by AB: then the fluxion of the required 


| meaſure of the ratio between y and 1 is M x. Now for y reſtore its 


z + x h 22x : 
wes. = z * for 3 the flux. of that val. cnt ſo ſhall the flux, of 


the 
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the meaſure become 2 M x —— or 2 M into + 2 += &e. 
XA 2 2 2 | 


22 — 
And therefore that meaſure will be 2 M into a + S+S &e. 
In like manner the meaſure of the ratio between 1 + v and 1 
will be found to be M into vo- +449 -3v* &c, 
And heace, to find the number from the logarithm given, he reverts 
the ſeries in this manner: if the laſt meaſure be called m, we 
ſhall have or Q = v—3zv +343 = 368 + x Ke, 
and therefore Q . &, 
and .. = 4 v#$+Z v5 &, 
and PE > >. K * - 295 &c, 
and © - 24 oo % SOS 
then by adding continually we ſhall have % \ 
QT S- rx vi—z; v5 &c, 
Q+32U+jQU=v—Aznf +4» &, 
Q+4QU+zVU+ xx - As &, 
Q+}Q+4Q+ QU+xzG=vg&c, 


— 


that is v=Q +3 2+ TOT NCT Ke. And therefore 


the required ratio of 1 + wv to 1 is equal to the ratio of 1 + 
2 Q &c to 1. Put now m=M, or Q = 1, and the above will be- 


come the ratio of 1 ++ +4 +3 +; + x4; &c to 1 for the con- 


ſtant modular ratio. In like manner, if the ratio between 1 and 
1 — be propoſed, the meaſure of this ratio will come out M into 


IV +39 TA &c; which being called m, —==Q,. 


that ratio will be the ratio of 1 tox = Q+ x * —Z M3 + 4, Q*&e. 
And hence, taking m = M, or Q = 1, the ſaid modular ratio 
will alſo be the ratio of 1 to1—+ +2 - ATA &c, And the 


former of theſe expreſſions for the modular ratio comes out the 


ratio of 2,718281828459 &c to 1, and the latter the ratio of 1 
to o, 367879441171 &c. | | 
In the 2d prop. our learned author gives directions for con- 
ſtructing Briggs's canon of logarithms, namely, firſt by the general 
3 5 ; 

ſeries 2M into = + 2 + =, &c finding the logarithms of a few 


5% 


ſuch ratios as that of 126 to 125, 225 to 224, 2401 to 2400, 4375 to 


4374, &c, from whence the logarithm of 10 will be found to be 
2,302585092994 &c, when M is 1; but ſince Briggs's log. of 10 is 
1, therefore as 2, 302585 &c is to the modulus 1, ſo is 1 (Briggs's log. 
of 10) to 0,434294481903 &c, which therefore is the modulus of 
Briggs's logarithms. Hence he deduces the logarithms of 7, 5, 3, and 
2. In like manner are the logarithms of other prime numbers to be 
found, and from them the logarithms of compoſite numbers by addi- 
tion and ſubtraction only, | 
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He then remarks that the firſt term of the general ſeries 4M into 
_ + = + LY &c will be ſufficient for the logarithms of interme- 


diate numbers between thoſe in the table, or even for numbers be» 
'yond the limits of the table. Thus, to find the logarithm anſwering 
to any intermediate number; let a and e be two numbers, the one 
the given number, and the other the neareſt tabular number, a bei 

the greater and : the leſs of them; put z = a + & their ſum, *X 
a—e their difference, a = the logarithm of the ratio of a to e, 
that is the exceſs of the logarithm of à above that of e: ſo ſhall the 


Laid difference of their logarithms be > = 2M x — very nearly, — 


And if there be required the number anſweri ing to any given inter- 
mediate logarithm, becauſe à is = 


In the 3d prop. our ingenious author teaches how to convert the 
canon of logarithms to logarithms of any other ſyſtem, by means of 
their modul. And in ſeveral more propoſitions he exemplifies the 
canon of logarithms in the ſolution of various important problems 
in geometry and phyſics ; ſuch as the quadrature of the r 
the deſeription of the logiſtica, the equi-angular ſpiral, the nauti- 
cal meridian, &c; the deſcent of bodies in reſiſting mediums, the 
denſity of the atmoſphere at any altitude, &c, &c. 


Of Docter Taylor's Conſtruction of Logarithms. 


Dr. Brook Taylor, (a very learned mathematician, ſecretary to 
the R Society, and who died at Somerſet-houſe, Nov. 1731) gave 


the following method of conſtructing logarithms in number 352 of 


the Philoſophical Tranſactions. His method is founded on theſe 
three confiderations : iſt, that the ſum of the logarithms of any two 
numbers is the logarithm of the product of thoſe numbers; 2d, that 
the logarithm of 1 is nothing, and conſequently that the nearer any 
number is to 1, the nearer will its logarithm be to ©; 3d, that the 
product of two numbers or factors, of which the one is greater and 
the other leſs than 1, is nearer to x than that factor is which is on 
the ſame ſide of 1 with itſelf; ſo of the two numbers 3 and 3, the 
uct ; is leſs than 1, but yet nearer to it than 4 is, which is alſo 

$s than x. On theſe principles he founds the preſent approxima- 
tion, which he explains by the following example. To find the 
relation between the logarithms of 2 and 10: In order to this he 


| g 128 8 27 ' 23 | 
| aſſumes two fractions as — and 10 or 107 nd g, whoſe numera- 


tors are powers of 2, and their denominators powers of 10, the one 

fraction being greater and the other leſs than unity or 1. Havin 

ſet theſe two down, in the form of decimal fractions, below eac 
other 


Lr 


LOGARITHMS. 


other in the firſt column of the following table, and in the ſecond 
column A and B for their logarithms, expreſſing by an equation how 
they are compoſed of the logarithms of 2 and 10, the numbers in 
queſtion, thoſe logarithms being denoted thus, / 2 and /10. Then 


[:, 280000000000|A K , . = 712— "nol 885 

o, 800000000000]B = , . .= 312— Ito] So, 33 
1,024000000000|C = A + B= 1012— 311 > 0,300 
0,990352031429]D = B+ gC= 93 12— 28/10] So, 30107 

1004 336277664/E = C + 2D= . 169/2—. 59/10] > 0,301020 | | 
0,9989595 30107 F=D+ 2E= 45 12— 146/110] <0,3010309 | - 
000 16289465 = ET 4F = 2136/2— 643/10] > 0,30102996 , . 
„9999 3628 1874/H = ET 6G= 18555 Iz, 40041 1o[ S, 301029997 
1,000035441215]] = G+ 2H= 28738712— B8651/10] 2, 3510299951 
0,99997 1720830|K=H + I = 42039/2— 12655710 < 0,3010299959 
[.,000007161046/L=1 + K = 7077712 21306110] , 30102999562 

o, 0999932035 4 M= K + 3 L = 25437012— 70673080 < 0,301c2999567 
0000003645 iN = L + M= 325147/2— 97879710 > 0,3010299956635 
o,999999764687]0=M +18N=6107016/2—1838335/10] <0,3010299950640 
comp. ar. 245313 | | ALS, 
23645110 235313N =2302585825187/2—493 14740097 11 1o[ > o, 30102999 5663987 


multiplying the two numbers in the firſt column together, there is 
produced a third number 1,024, againſt which is written C, for its 
logarithm, expreſſing likewiſe by an equation in what manner C 
is formed of the foregoing logarithms A and B. And in the ſame 
manner the calculation is continued throughout; only obſerving 
this compendium, that before multiplying the two laſt numbers 
already entered in the table, to conſider What power of one of them 
muſt be uſed to bring the product the neareſt that can be to unity. 
. Now, after having continued the table a little way, this is found 
by only dividing the differences of the numbers from unity one by 
the other, and taking the neareſt quotient for the index of the power 
ſought. Thus, the ſecond and third numbers in the table being 
0,8 and 1,024, their differences from unity are 0,200 and 0,024 ; 
hence o, 200 = 0,024 gives 9 for the index; and therefore multi- 
plying the gth power of 1,024 by 0,8 produces the next number 
0,990352031429, whole logarithm is D=B+g C. | 
| hen the calculation is continued in this manner till the nuin- 

bers become ſmall enough, or near enough to 1, the laſt logarithm 
is ſuppoſed equal to nothing, which gives an equation expreſſing 
the relation of the Jogarithms, and from whence the required log. 
arithm is determined. Thus, ſuppoſing G = o, we have ; 
2136/2 — 643110 = ©, and hence, becauſe the logarithm of 10 is 


1, we obtain /2 = 2756 = 0,30102996, too ſmall in the laſt figure; 


which ſo happens becauſe the number correſponding to G is greater 
than 1. And in this manner are all the numbers in the third or 


laſt column obtained, which are continual approximations to the 
Jogarithms of 2. | | 
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There is another expedient which renders this calculation ſtill 
ſhorter, and it is founded on this conſideration ; that when æ is ſmall, 
1 +2 is nearly = 1 + nx, Hence if 1 + x and i — z be the 
two laſt numbers already found in the firſt column of the table, the 
product of their powers 1 + 3” x 1i—2” will be nearly = 1; and 
hence the relation of mz and n may be thus found, 1 +2” x 1—2" 
is nearly = i mx x 1 — nz in- m =1 +m# —12 
nearly, which being alſo = 1 nearly, therefore m: ::: 2 
It—z:l. ; whence xl. 1—z +z1.1 + x = o. For example, 
Jet 1,024 and o, 990352 be the laſt numbers in the table, their log- 
arithms being Cand D: here we have 1,024 =1 + x, and 
©0,990352 = 1 - 2; conſequently x = 0,024, and z = 0,009948 z 
and hence the ratio - in ſmall numbers is _ So that for finding 


the logarithms propoſed, we may take 500 D + 201 C = 4851012 
— 146031 10 = o; which gives /2 = 0,3010307. And in this man- 
ner are found the numbers in the laſt line of the table. 


| Of Mr. Long's Method. 


In number 339 of the Philoſophical Tranſactions, are given a 
brief table and method for m_—_ the logarithm to any number, 
and the number to any logarithm, by Mr. ; Long, B. D. Fel- 
2 low of C. C. C. Oxon. This table and method are fimilar to thoſe 

5 deſcribed in chap. 14 of Briggs's Aritb. Logar. differing only in 
this, that in this table by Mr. Long, the logarithms, in each claſs, 
are in arithmetical progreſſion, the common difference being 1; 
but in Briggs's little table the column of natural numbers has the 
like common difference. The table conſiſts of eight claſſes of 
logarithms and their correſponding numbers as follows : | 


— 


— — —— — — — — — 


| Nat. Numb. Log. Nat. Numb. Log. Nat. Numb. Nat. Numb, 
71943282347 ay 1,02093y424,,00009 1,00020725 1,COOCG2072 
6,309573445 1,018591383, I,0co18422 [,00000T8 42 
5,011872330 7 1,016248694 7 |1,000161 194 7 [1,000001611 
3,98 1071706 6 [1,01391138 6 [1,00013816 6 [1,000001 381 
3.162277660| 5 [1,01157945 5 [1,00011513 5 |:,000001151 
2,511886433|] 4 , 09252886 4 [1,0000921 4 [1,000000921 
1,995262315|| 3 f, 0693 166 3 [1,cocobgo8c 3 |1,00000c690 
16848931930 2 1, 00461579 2 1, 0004605 3 2 [1,000000460 
1,2589284 2 1 1, 002305623 1 1. 0002 3026 1 [1,000000230 
„0901, 2 3026877 1, o, 0207447 5 , 000009; 1,000020724]}| 00000009]1,000000207 
87, 202264435 8[1,00184376 1,000018421 8{1,000000184 
| 711,174897555|| 711,09161310 711,0c0016118 711,000000161 
7 6|1,148153621 6/1,001 382 506 1, 000138 16 _ * 6|1,0000001 38 
5|1,122018454 gjt,corigtgs fr, 00011513 5] 1,0000001 15 

4, 96478196 4%, 0092145 4/ 1,00000921 4|1,000000092 

3 1,07 1519305 301, 0069 1015 3, 1,060000g0 3]1,0000c0069 
21,047128548 2]1,00046c623 2/1 ,000004605\| 2|1,000000046 
111023292992 1]1,000230285 11, 00002 302 I |1,000000023 
where, 
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where, becauſe the logarithms in each claſs are the continual mul- 
tiples 1, 2, 3, &c, of the loweſt, it is evident that the natural num» 
bers are ſo many ſcales of geometrical proportionals, the loweſt be- 
ing the common ratio, or the aſcending” numbers are the 1, 2, 3. 
&c powers of the loweſt, as expreſſed by the figures 1, 2, 3, &c of 
their correſponding logarithms. Alſo the laſt number in the firſt, 
ſecond, third, &c laſs, is the 10th, 100th, 10th, &c root of 103 
and any number in any claſs is the roth power of the correſponding 


number in the next following claſs. 


To find the logarithm of any number, as ſuppoſe of 2000, by 
this table : Look in the firſt claſs for the number next leſs than the 
firſt figure 2, and it is 1,995262315, againſt which is 3 for the 
firſt figure of the logarithm ſought. Again, dividing 2 the number 
propoſed by 1,995262315 the number found in the table, the quo- 
tient is 1,002374407 ; which being looked for in the ſecond claſs 
of the table, and finding neither its equal nor a leſs, © is therefore 
to be taken for the ſecond figure of the logarithm ; and the ſame 
quotient 1,002374467 being looked for in the third claſs, the next 
leſs is there found to be 1,002 305238, againſt which is 1 for the third 
figure of the logarithm ; and dividing the quotient 1,002374467 by the 
ſaid next leſs number 1,002 305238, the new quotient is 1,000059070; 
which being ſought in the fourth claſs gives o, but ſought in the 
fifth claſs gives 2, which are the fourth and fifth figures of the 
logarithm 1ought : again, dividing the laſt quotient by 1,co0046053 
the next leſs number in the table, the quotient is 1,00c023015, 


which gives ꝙ in the 6th claſs for the 6th figure of the logarithm, 
ſought : and again dividing the laſt quotient by 1,09c020724 the 


next leſs number, the quotient is 1,c00002291, the next leſs than 
which in the 7th claſs gives g for the 7th figure of the logarithm : 
and dividing the laſt quotient by 1,0coco2072, the quotient is 

1,000000219, Which gives 9 in the 8th claſs for the 8th figure of 
the logarithm : and again the laſt quotient 1,000000219 being di- 
vided 3 1,000000207 the next leſs, the quotient 1,000000012 gives 
5 in the ſame 8th claſs, when one figure is cut off, for the gth figure 
of the logarichm ſought. All which figures colleQed together give 
3+301029995 for Briggs's logarithm of 2000, the index 3 being ſup- 
plied ; which logarithm is true in the laſt figure. 


To find the number anſwering to any given loga- % 9334 
rithm, as ſuppoſe to 3, 3010300: omitting the cha- " Raa 
raceriſtic, againſt the other figures 3,0,1,0, 3,0,0, as * * | 30523 

in the firſt column in the margin, are the ſeveral ||, oooobgos 
numbers as in the 2d column, found from their re- eo 
ſpeRive 1ſt, ad, 3d, &c claſſes ; the effective num |«c|, 


bers of which multiplied continually together, the 


laſt product is 2,000000019965, which, becauſe the charaRteriſtic 
is 3, gives 8 or 2000 only for the required number 
ogarithm. 

Q 2 Of 


anſwering to the given 
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Of Mr. Jones's Method. 


In the 61ſt volume of the Philoſophical Tranſactions, is a ſmall 
paper on logarithms, which had been drawn up and left unpub- 
liſhed, by the learned and ingenious William Jones, Eſq. The 
method contained in this memoir, depends on an application of the 
doctrine of fluxions, to ſome properties drawn from the nature of 
the exponents of powers. Here all numbers are conſidered as ſome 
certain powers of a conſtant determinate root: ſo any number x 
may be conſidered as the z power of any root , or that æ π is a 
general expreſſion of all numbers in terms of the conſtant root r and 
a variable exponent z. Now the index z being the logarithm of 
the number x, therefoꝶ to find this logarithm, is the ſame thing as 
to find what power of the radical r is equal to the number x. 

From this principle, the relation between the fluxions of any 
number x and its logarithm ⁊ is thus determined: put r = 1 + ; 


then is x 2 + us, and x L I TNT ITE x 
I TA K* 1 Tals = (by expanding 1 Tun, omitting the 2d, 


3) + x6 x:9+ 16 


3d, &c powers of z, and writing q for : 


"IS „. ES | 
therefore x = axz, putting a for the ſeries q + i 9* + 1% Ke, 


or fx= xz, putting f= = 


Now when r=1+7n=10, as in the common logarithms of 
Briggs's form; then u=9, =, 9, and the ſeries 9 + 2 q* + 2 93 
&c gives a = 2,302585 &c, and therefore its reciprocal f = 
„434294 &c, Butifa=1 , the form will be that of Napier's lo- 
garithms. | 


From the above form x; = fo, or £ = 2 , are then deduced many 
curious and general properties of logarithms, with the ſeveral ſeries 


heretofore given by Gregory, Mercator, Wallis, Newton, and 
3 Halley. But of all theſe ſeries, that one which our author ſelects 

for conſtructing the logarithms, is this; putting N — 5 „ the 
N r 


: x | P | 
logarithm of Sis =2f X:N+EN3+4N +» M &e in the 
| caſe in which r—p is = 1, and conſequently then N = 


or 
27 —1TI 


* which ſeries will then converge very faſt. | 

' Hence, having given any numbers, p, 9, r, &c, and as many 

ratios a, b, c, &c, compoſed of them, the difference between the 

two terms of each ratio being 1; as alſo the logarithms 4, B, C, &c 
of 
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of thoſe ratios given: to find the logarithms P, Q, R, &c of thoſe 
numbers; ſuppoſing f = 1: For inſtance, ifp=2, 92 35 1251 
„ 
and a == 15 37＋ c = 2 = 20" Now the loga- 
rithms A, B, C, of theſe ratios a, 6, c, being found by the above 
ſeries, from the nature of powers we have theſe three equations, 
A=29 —3P which equa-} P =24+4B+2C=log. of 2, 
B= 2 2 30 tions Th (2254+ 88+30=10g of 3, 
C=2R — 2 — 3P, duced give ) RK=7A+9B+5C=log. of 5. 
And hence P R= 104 +13B + 7Cis = the logarithm of 2 x „„ 
or 10. 
An elegant tract on logarithms, as a comment on Dr. Halley's 
method, was alſo given by Mr. Jones in his Synop/is Palmariorum 
Matheſers, publiſhed in the year 1506. And in the Philoſophical 
Tranſactions he communicated various improvements in gonio- 
metrical properties, and the ſeries relating to the circle and to tri- 
gonometry. | | | 

The memoir above deſcribed was delivered to the Royal Society 
by their then librarian, Mr. John Robertſon, a worthy, ingenious, 
and induſtrious man ; who alſo communicated to the Society ſeveral 
little tracts of his own relating to logarithmical ſubjects: he was 
alſo the author of an excellent Treatiſe on the Elements of Naviga- 
tion in two volumes; and he was ſucceſſively mathematical — * 
to Chriſt's hoſpital in London; head maſter to the royal naval aca- 
demy at Portſmouth; and librarian, clerk, and houſekeeper to the 
Royal Society; at whoſe houſe, in Crane Court, Fleet Street, he 
died in 1776, aged 64 years. 

And among the papers of Mr. Robertſon, I have, ſince his 
death, found one containing the following particulars relating to 
Mr. Jones, which I here inſert, as I know of no other account of 
his life, &c. and as any true anecdotes of ſuch extraordinary men muſt 
always be acceptable to the learned. This paper is not in Mr. Ro- 
bertſon's hand writing, but in a kind of running law-hand, and is 
ſigned R. M. 12 Sept. 1771. 

« William Jones, Eſq. F. R. S. was born at the foot of Boda- 
von mountain, [Mynydd Bodafon] in the pariſh of Llanfihangel 
tre'r Bardd, in the iſle of Angleſey, North Wales, in the year 1675. 
His father John George “ was a farmer, of a good family, bein 
deſcended from Hwfa ap Cynddelw, one of the 15 tribes of North 
Wales. He gave his two ſons the common ſchool education of the 
country, reading, writing, and accounts, in Engliſh, and the Latin 


y 


— 
— 


4 It is the cuſtom in ſeveral parts of Wales for the name of the father to become 
the ſurname of his children. John George the father was commonly called Sion Siors of 
Llanbabo, to which pariſh he moved, and where his chileren were brapght up.“ 

| . * . grammar 
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mmar. Harry his ſecond ſon took to the farming buſineſs ; but 
illiam the eldeſt, having an extraordinary turn for mathematical 
ſtudies, determined to try his fortune abroad from a place where the 
ſame was but of little ſervice to him; he accordingly came to Lon- _ 
don, accompanied by a young man Rowland Williams, afterwards 
an eminent perfumer in Wych Street. The report in the country 
is, that Mr. Jones ſoon got into a merchant's counting houſe, and 
ſo gained the eſteem of his maſter, that he gave him the command 
of a ſhip for a Weſt India voyage; and that upon his return he ſet 
up a mathematical ſchool, and publiſhed his book of navigation “; 
and that upon the death of the merchant he married his widow : that 
Lord Macclesfield's ſon being his pupil, he was made ſecretary to 
the chancellor, and one of the D. tellers of the exchequer—and 
they have a ſtory of an Italian wedding which cauſed great diſtur- 
bance in Lord Macclesfield's family, but compromiſed by Mr. 
Jones; which gave riſe to a ſaying, that Macclesfield was the 
making of Jones, and Jones the making of Macclesfield,” 
Mr. Jones died July 3, 1749, being vice-preſident of the Royal 
Society; and left one 2 and his widow with child, which 
ned a ſon, who is the preſent Sir William Jones, now one of the 
judges in India, and highly eſteemed for his great abilities, exten- 
five learning, and eminent patriotiſm, 


6 58 | Of Mr. Andrew Reid and Others: 


Andrew Reid, Eſq. publiſhed in ny 2 quarto tract under the 
title of An Eſſay on Logarithms, in which he alſo ſhews the compu. 
tation of logarithms from principles depending on the binomial 
theorem and the nature of the exponents of powers, the logarithms 
of numbers being here conſidered as the exponents of the powers of 
10. He hence brings out the uſual ſeries for logarithms, and largely 
exemplifes Dr. Halley's moſt ſimple conſtruction. | 

Beſides the authors whoſe methods have been here particularly de- 
ſcribed, many others have treated on the ſubjects of logarithms, and 
of the fines, tangents, ſecants, &c ; among the principal of whom 
are Leibnitz, Euler, Maclaurin, Wolfius, and profeſſor Simſon in 
an elegant geometrical tract on logarithms, contained in his poſthu- 
mous works, elegantly printed in 4to. at Glaſgow in the year 1776, 
at the expence of the very learned Earl Stanhope, and by his Lordſhip 
diſpoſed of in preſents among gentlemen moſt eminent for mathema- 
tical learning. h 


1— cc. 


* This tract on navigation, intituled, «A New Compendium of the whole Art of 
Practical Navigation,” was publiſhed in 1702, and dedicated © to the reverend and 
learned Mr. John Harris M. A. and F. R. S.“ the author I apprehend of the © Univer- 
ſal Dictionary of Arts and Sciences,” under whoſe roof Mr. Fence ſays he compoſed the 
faid treatiſe on Navigation. 


of 
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Of Mr. Dodſon's Anti- lagarithmic Canon. 


The only remaining conſiderable work of this kind publiſhed, that 
I know of, is the Anti-logarithmic Canon of Mr. James Dodſon, a 
very ingenious mathematician, which work he publiſhed in folio in 
the year 1742; a very great performance, containing all logarithms 
under 100000, and their correſponding natural numbers to 11 places 
of figures, with all their differences and the proportional parts; the 
whole arranged in the order contrary to that uſed in the common 
tables of numbers and logarithms, the exact logarithms being here 
placed firſt, and increaſing continually by 1, from 1 to 100900, and 
their correſponding neareſt numbers in the columns oppoſite to 
them; and by means of the differences and proportional parts, the 
logarithm to any number, or the number to any —— each to 
11 places of figures, is readily found. This work contains alſo, 
beſides the confleatiinn of the natural numbers to the given loga- 
rithms, ** precepts and examples, ſhewing ſome of the uſes of loga- 
rithms, in facilitating the moſt difficult operations in common arith- 
metic, caſes of intereſt, annuities, menſuration, &c; to which is 
prefixed an introduction, containing a ſhort account of logarithms, 
and of the moſt conſiderable improvements made, fince their inven- 
tion, in the manner of conſtructing them.“ 

The manner in which theſe numbers were conſtructed, conſiſts 
chiefly in imitations of ſome of the methods before deſcribed by 
Briggs, and is nothing more than generating a ſcale of oo 
geometrical proportionals from 1 the leaſt term to 10 the greateſt, 
each continued to 11 places of figures; and the means of effecting 
this are ſuch as * flow from the nature of a ſeries of proportionals, 
and are briefly as follows. Firſt between 1 and 10 are interpoſed 
mean proportionals; then between each of theſe 11 terms there are 
interpoſed 9 other means, making in all 101 terms; then between 
each of theſe a 3 ſet of 9 means, making in all 1001 terms; again 
between each of theſe a 4th ſet of 9 means, making in all 10001 
terms; and laſtly between each two of the ſe terms, a 5th ſet of g 
means, making in all 100001 terms, including both the 1 aad the 
10. The firſt four of theſe 5 ſets of means, are found each by one 
extraction of the 10th root of the greater of the two given terms, 
which root is the leaſt mean, and then multiplying it continually by 
itſelf according to the number of terms in the ſection or ſet; and 
the 5th or laſt ſection is made by interpoſing each of the q means by 
help of the method of differences before taught. Namely, putting 


10 the greateſt term = A, A” = B, Bre C, C** = D, Dis 
E, and Ero = F; now extracting the 1oth root of A or 10, it 


gives 1,2589254118 = B = Are for the leaſt of the iſt ſet of means; 
and then multiplying it continually by itſelf, we have B, B', B?, BY, 
&c 
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&c to Bo = A for all the 10 terms: 2dly, the 10th root of 


1,2589254118 gives 1,0232929923 = C = B = A for the leaſt 
of the ad claſs of means, which being continually multiplied gives 
C, Cz, Cs, &c to C199 = Bio = A for all the 2d claſs of 100 terms: 
3dly, the 1oth root of 1,0232929923 gives.1,0023052381 = D) = 


C 10 = B*** = AT**®? for the leaſt of the 3d claſs of means, which 
being continually multiplied gives D, Da, D;, &c to Dio = (100 
- = Bio = A for the 3d claſs of 1009 terms: 4thly, the 10th. root 


1,0023052381 gives 1,0002302850 = E = Dre = Cr = Bros 


=A7****® for the leaſt of the 4th claſs of means, which being con- 
tinually multiplied gives E, Ez, Es, &c to E:0000 DIiοοο — C109 
= Bi = A for the 4th claſs of 10000 terms. Now theſe 4 claſſes 
of terms thus produced, require no leſs than 11110 multiplications of 
the leaſt means by themſelves ; which however are much facilitated - 
by making a ſmall table of the firſt 10 or even 100 products of the 
conſtant multiplier, and from thence only taking out the proper 
lines and adding them together: and theſe 4 claſſes of numbers al- 
ways prove themſelves at every 10th term, which muſt always agree 
with the correſponding ſucceſſive terms of the preceding claſs, The 
remaining 5th claſs is conſtructed by means of differences, being 
much eafier than the method of continual multiplication, the 1ſt and 
2d differences only being uſed, as the 3d difference is too ſmall to 
enter the computation of the ſets of 9 means between each two 
terms of the qth claſs. And the ſeveral ad differences for each of theſe 
ſets of 9 means, are found from the properties of a ſet of proportion- 


Ap Sb, 2 r 
lumn of the annexed |_1X | r—1 x | — „ = 
table, and their ſeve- | 1 8. I 1 

ral ordersof differences # r ” 7 

as in the other columns - - * * 7 | 
of the table ; where it Fo r 73 43 | 
js evident that each ca- I &c &c &c 


column, both that of the given terms of the progreſſion, and thoſe 
of their orders of differences, forms a ſcale of proportionals, having 
the ſame common ratio r; and that each horizontal line or row forms 
a geometrical progreſſion having all the ſame common ratio r—1, 
which is alſo the 1ſt difference of each ſet of means; fo r — I is 
the 1ſt of the 2d differences, and which is conſtantly the ſame, as 
the Fn differences become too ſmall in the required terms of our pro- 
greſſion to be regarded, at leaſt near the beginning of the table: hence 

hike as 1, r—1, and ti are the 1ſt term with its 1ſt and 2d diffe- 
rences; ſo , r.r—1, and . r — 1)* are any other term with its 
iſt and 2d differences. And by this rule the 1{ and 2d differences 
are to be found for every ſet of 9 means, viz. multiplying the 1ſt 
term 
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term of any claſs (which will be the ſeveral terms of the ſeries E, E*, 
Es, &c, or every 10th term of the ſeries F, F*, F3, &c) by r—1 or 
F— i for the iſt difference, and this multiplied by F — 1 again for 

the true 2d difference at the beginning of that claſs. Thus the 
 1oth root of 1,0002302850 or k gives 1, 0002 3026116 for F or 
the iſt mean of the loweſt claſs, therefore F — 1 =r — 1 = 
,000023026110 is its iſt difference, and the ſquare of it is r — 1* 
= ,0000000005 302 its 2d difference; then is ,000023026116F19" 
or ,00002 3026116E” the 1ſt difference, and ,oo00000005 302F20* 
or ,0000000005302E%» is the ad difference at the beginning of the 
ath claſs of decades. And this ad difference is uſed as the conſtant 
2d difference through all the 10 terms, except towards the end of the 
table where the differences increaſe faſt enough to require a ſmall 
correction of the 2d difference, and which Mr. Dodſon effects by 


taking a mean 2d difference among all the 2d differences in this 
manner; having found the ſeries of iſt differences F- 1. E“, 


F —1, E- r, F— 1. E*+2*, &c, take the differences of theſe, 
and 4; of them will be the mean 2d differences to be uſed, namely 


- 2 . "En + FE, = . Et: Ey, &c are the mean 
2d differences. And this is not only the more exact but alſo the eaſier 


way. The common 20 difference and the ſucceſſive i ſt differences 
are then continually added through the whole decade, to give the 


ſucceſſive terms of the required progreſſion, 
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* 
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LTHOUGH the nature and conſtruction of logarithms have been 
| pretty fully treated in the preceding hiſtory of ſuch numbers, 
where the more learned and curious reader will find abundant ſatis- 
faction, I ſhall here give a brief, eaſy, and familiar idea of theſe 
matters, for the practical uſe of young ſtudents in this ſubject. 


—T — 


The Definition and Notation of Logarithms. 


- Logarithmsare the indices, or arithmetical ſeries of numbers, adapt- 
ed to the terms of a geometrical ſeries, in ſuch ſort that o correſponds 
to, or is the index of, 1 in the geometricals. 


9 4 5, Ke. indices or logarithms 
Thus | 8 16 32, &c. geometric progreſſion, 


. * ö 0 4 5, Ke. indices or logarithms, 
— .. 27; v8 243, &c. geometric ſeries. 

| | 88 4 5, Ke. indices or logarithms, 

| | ; I, 10, 100, 1000, 10000, I00000, &c. geometric ſeries, 


| Where the ſame indices ſerve equally for any geometric ſeries; and 
| from which it is evident that there may be an endleſs variety of 
\ ſyſtems of logarithms to the ſame common numbers, by varying the 
2d term 2, or 3, or 10, &c, of the geometric ſeries; as this will 
change the original ſeries of terms whoſe indices are the whole num- 
bers, 1, 2, 3, &c; and by interpolation the whole ſyſtem of num- 
bers may be made to enter the geometrical ſeries, and receive their 
j Proportional logarithms, whether integers or decimals. 

} Or, the logarithm of any number is the index of that power of 

FT ſome other number, which is equal to the given number. Soif N 
| be = 7”, then the logarithm of N is u, which may be either poſitive 
q or negative, and r any number whatever, according to the different 
" ſyſtems of logarithms. When N is 1, then » = o, whatever the va- 
Iue of r is; and conſequently the logarithm of 1 is always o in every 
ſyſtem of logarithms, When is = 1, then N is Sr; conſe- 
quently r is always the number whoſe logarithm is 1 in every ſyſ- 
tem. When r is = 2:718281828459 &c, the indices are the hyper- 
bolic logarithms, ſuch as in our 7th table; ſo that = is the hyper- 
bolic logarithm of 2-718 &c. . But in the common logarithms r 
: is 


THE TABLES. 113 


is = 10; ſo that the common logarithm of any number 22 is 
(n) the index of that power of 10 which is equal to the ſaid num- 
ber. So 1000, being the 3d power of 10, has 3 for its logarithm; 
and if 50 be = 10759597, then is 1:69897 the common logarithm of 
50. And hence it follows that this decimal ſeries of terms 
10% 10?, 10% 10% 107, 10; 20, 10% | 169, 
« or 10000, 1000, 100, IO, 1, 1, OL „ cot, ooo, 
ave 4; TS T2668 FL. —2 9 1 

reſpectively for Theie logarithms. : ; he: bad, 

The logarithm of a number comprehended between any two 
terms of the firſt ſeries, is included between the two correſpond- 
ing terms of the latter, and therefore that logarithm will conſiſt 
of the ſame index (whether poſitive or negative) as the leſs of thoſe 
two terms, together with a decimal fraction, which will always be 
poſitive, So the number 50, falling between 100 and 10, its loga+ 
rithm will fall between 2 and 1, and is = 169897, the index of the 
leſs term together with the decimal · 69897: alſo the number o, 
falling between the terms *1 and ot, its logarithm will fall between 
—1and — 2, and is indeed = —2 + *69897, the index of the leſs 
term together with the decimal · 69897. The index is alſo called 
the charaQteriſtic of the logarithms, and is always an integer, ei- 
ther poſitive or negative, orelſe = o; and it ſhews what place is 
occupied by the firſt ſignificant figure of the given number, either 
above or below the place of units, being in the former caſe + or po- 
ſitive, in the latter — or negative. 

When the characteriſtic of a logarithm is negative, the ſign — is 
commonly ſet over it, to diftinguith it from the decimal part, which 
being the logarithm found in the tables, is always poſitive: ſo 
— 2 + 698975 or the logarithm of · os, is written thus 269897. But 
on ſome occaſions it is convenient to reduce the whole expreſſion to a 
negative form; which is done by making the characteriſtic figure 
leſs by 1, and taking the arithmetical complement of the decimal, 
that is, beginning at the left hand, ſubtract each figure from q, ex- 
cept the laſt ſignificant figure, which ſubtract from 10; ſo ſhall the 
remainders form the logarithm intirely negative. Thus the loga- 
rithm of 05, which is 2:69897 or — 2 + 69897, is alſo expreſſed 
by — 1530103, which is wholly negative. It is alſo ſometimes 
thought more convenient to expreſs ſuch logarithms wholely as po- 
ſitive, namely by only joining to the tabular decimal the comple- 
ment of the index to 10; in which way the above logarithm is ex- 
preſſed by 8:69897 ; which is only increaſing the indices in the 
ſcale by 10. It is alſo convenient, in many operations with loga- 
rithms, to take their arithmetical complements, which is done by 
beginning at the left hand, and ſubtracting every figure from 9, but 
the laſt figure from 10: fo the arithmetical complement | 
of 1*69897 | and of 2:69897 Jae the index — 2, being nega- | 
is — A it is 1130103, J tive, is added to 9, and makes 11. 
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The Properties of Logarithms. 


— 


From the definition of logarithms, either as being the indices of 

à ſeries of geometricals, or as the indices of the powers of the ſame 
root, it follows that the multiplication of the numbers will anſwer 
to the addition of their logarithms; the diviſion of numbers to the 
ſubtraction of their logarithms ; the raiſing of powers, to the multi- 
plying the logarithm of the root by the index of the power ; and 
the extracting of roots, to the dividing the logarithm of the given 
number by the index of the root required to be extracted: So 
1ſt. L. ab or axbis L. a+L. 6 

L. 18 or 3 * ö is L. 37 L. 6 

L. 5 x 93 is L. 5 TL. 9＋ L. 73 
2d L. a = b is SL. 4 — L. 5 

L. 18 - 6 is =L. 18 — L. 6 

L. 79 * 5 ＋ 9 is S L. 79 41 L. 5 -L. 

L. Z or 12 2 is L. 1— L. 22 0 — L. 22 — L. 2 


L. r or 1 L. 
33 " 
3d. L. rn is L. ; L. nor L. 1 is = 7 L. 7; L. 7 is L. r. 


L 3 3 
L. 2e is 6 L. 2; L. 2 or L. V2 is 1 L. 2; L. 2 is = JI. 2. 
So that any number and its reciprocal have the ſame logarithm, 
but. with contrary ſigns; and the ſum of the logarithms of any 
number and its complement, is equal to o. 


To conſtruct Logarithms, 


It has 95 ſhewn in the foregoing hiſtorical part, that the loga- 
. 8 * x3 * x 
rithmof— 16 — N 3 2 7 7 57 
ſum; and x the difference of @ and 5; alſo m = 2302585092 
&c, the byp. logarithm of 10. Therefore if à and ; — =. = 
I 


numbers differing only by unity, ſo that x or - @ may be=1; 
then ſhall the logarithm of þ be = L. 4 +— 1 0 4 _ + c. 


&c; where 2 is the 


Which gives this rule in words at length: call z the ſum of any 
number (whoſe logarithm is ſought) and the number next leſs by 
unity; divide 8685889638 &c (or 2+ 2.3025 &c) by z, and re- 
ſerve the quotient; divide the reſerved quotient by the ſquare of z, 
and reſerve this quotient ; divide this laſt quotient alſo by the ſquare 
of z, and again reſerve this quotient : and thus proceed continually 
dividing the laſt quotient by the ſquare of z, as long as diviſion can 
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be made. Then write theſe quotients orderly under one another, 
the firſt uppermoſt, and divide them reſpectively by the uneven 
numbers I, 3, 5, 7, 9, 11, &c, as long as diviſion can be made 
that is, divide the firſt reſerved quotient by 1, the 2d by 3, the 3d 
by 5, the 4th by 7, &c. Add all theſe laſt quotients together, and 
the ſum will be the logarithm of 2 a; and therefore to this loga- 
rithm add alſo the logarithm of à the next leſs riumber, and the ſum 
will be the required logarithm of þb the number propoſed. 


Ex. 1. To find the Log. of 2. Ex. 2. To find the Log. of 3. 
Here the next leſs number is 1, & 2 + 1 | Here the next leſs number is 2, and 2 + 3 
= 3 =z, whoſe ſquare is 9. Then = 5 x, whoſe ſquare is 25, to divide 
3) 858588964] 1)*289529654(+289529654 | by which always multiply by +04. Then 
929559887 3) 321699620 10723321 | 5 )*868588964| 0 1737177930˙2173717793 
9) 32169962] 5) 3574444 714888 | 25)-173717793] 3) 94871260 2310237 
) 3574449] 7) 397160 56737 |25) 6948712] 5) "2779430 55590 
) 397160] 9) 4412 4903 | 25) 277948] 7) 11118( 
) 44129]1) 49030 446 | 25) 11118] 9) 4480 
490313) 5450 4225) 445111) 18( 
9) 545]'s) 610 4 18] L.3 - »- -176091260 
9) 61] Log. 301029995 L. 2 add - *301029995 
Add L. 1 000000000 L. 3 3 477121255 
Log. of 2 301029995 


Then becauſe the ſum of the logarithms of numbers gives the lo- 
garithm of their product, and the difference of the logarithms gives 
the logarithm of the quotient of the numbers, from the above two 
logarithms, and the logarithm of 10, which is 1, we may raiſe a 
great many logarithms thus : | 


Ex. 3. Becauſe 2 x 2 = 4, therefore | Ex. 6. Becauſe 3* = 9, therefore 
L 


to L. 2 3010299953 RE. 477121254 
add L. 2 * 3010299953 mult. by — 2 
ſum is L. 4 502099914 gives L. 9 9354242509 


Ex. 4. Becauſe 2 x 3 6, therefore | Ex. 7. Becauſe „ = 5, therefore 


to L, 2 — *301029995 from L. 10 - 1000000000 
add L. 3 - 477121265 take L. 2 - *3010299957 
ſum is L.6 778151250 leaves L. 698970004 
N Becauſe 23 = 8, therefore | Ex. 8. Becauſe 12 = 3 x 4, therefore 
2. - *30102 L to L. 3 - 477121265 
mult. by. < a add L. 4 *6020 __ 
gives L. 8 903089987 gives L. 12 1079187246 


And thus by computing, by the general rule, the logarithms of 
the other prime numbers 7, 11, 13, 17, 19, 23, &c; and then uſing 
compoſition and diviſion, we may eaſily find as many logarithms as 


we pleaſe, or may ſpeedily examine any logarithm in the table. 
THE 


/ þ 
g F 


t 


each logarithm being at the beginning of the lines in the 
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THE DESCRIPTION AND USE OF THE 


HE following collection conſiſts of various tables, in this 

order, viz. 1, A large table of logarithms to 7 places of figures; 
2, A table for finding logarithms and numbers to 20 places ; be, ek 
rithms to 20 places, with their iſt, 2d, and 3d differences; 4, An- 
other table of logarithms to 20 places, with their 1ſt, 2d, and 3d 
differences ; 5, 13 to 61 places; 6, Another table of loga- 
rithms to 61 places, with their iſt, 2d, 3d, and 4th differences; 7, 
Hyperbolic logarithms ; 8, Logiſtic logarithms ; q, Logarithmic ſines 
and tangents to every ſecond of the firſt 2 degrees; 10, Natural and 
logarithmic fines, tangents, ſecants, and verſed fines, with their 
— to every minute of the quadrant. After which fol- 
low ſeveral ſmaller tables; as a table of the lengths of circular ares; 
a traverſe table, or table of difference of latitude and departure, to 
every degree and quadrant point of the compaſs; a table for chang- 
ing the common logarithms into hyperbolic logarithms; and a table 
of the names and number of degrees &c. in every point of the com- 
paſs; as alſo liſts of errata in various works of this fort. Of each 
of which in their order. 


Of the large Table of Logarithms. 


The firft is the large table of logarithms to all numbers from 1 to 
100000, by which may be found the logarithm to any number and 
the number to any logarithm to 7 places of figures. This table 
conſiſts of two parts; the firſt contains, in 4 pages, the firſt 1000 
numbers with their correſponding logarithms in adjacent columns ; 
the ſecond contains all the 100000 numbers and their logarithms, 
with the differences and proportional parts, diſpoſed as follows : in 


the iſt column of each page are the firſt 4 figures of the numbers, 


and along the top and bottom of the columns is the 5th figure, in 
which columns are placed all the logarithms, the firſt 3 figures of 

ü column 
of logarithms, ſigned o at the top and bottom, and the other 4 
figures in the remaining columns. After the 10 columns of loga- 
rithms ſtands their column of differences, ſigned D; and laſtly after 
that, as alſo at the bottom of ſome pages, the column of propor- 
tional parts, ſigned 2 pts. ſhewing what proportional part of 
each difference correſponds to 1, 2, 3, &c, the whole difference an- 


ſwering to 10; or ſhewing the e, 7;, e &c, of the differences. 
Note, the logarithms in theſe columns are all ſuppoſed to be deci- 

mals, and their correſponding natural numbers may be either inte- 

gers or decimals or mixt numbers, for the ſame figures, whatever be 


their 
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their denomination, have the ſame decimal Jogarithm, and theſe 
differ only in the index or charaQteriſtic, which is the integer num- 
ber to be prefixed to the decimal part of the logarithm ; and this is 
always the number which expreſſes the diſtance of the higheſt deno- 
mination, or left-hand figure, of the natural number, from the units 
place. So that if the natural number conſiſt of only one place of in- 
tegers, the index of its log. will be o; if of 2, 3, 4, 5, &c, the 
index of its logarithm will be reſpeCtively 1, 2, 3, 4, &c, being 
1 leſs than the number of integer places: and the ſame figures made 
negative will give the index of the logarithm of a decimal, viz. if 
the natural number be a decimal, — its firſt ſignificant figure be 
in the place of primes, ads, ads, 4ths, & c. the index of its logarithm 
will be reſpectively 1, 2, 3, 4, &c. till the figure which ex- 
preſſes the diſtance of the firſt place of the natural number from 
the units place, but with a negative ſign, as the number is below 
the place of units, the gn being written above the index inſtead of 
4 before it, as that part only of the logarithms is to be conſidered as 
negative, the decimal part of it being always affirmative. And in 
the arithmetical operations of addition and ſubſtraction with loga- 
rithms, the negative indexes will have the contrary effect to that of 
the decimal part of the logarithm, viz. when the logarithm is to be 
added, the figure of the negative index muſt be ſubltraQted, vice 


verſa. Hence if 423409 be the tabular or 

Ze part of the — belonging to 1 * 
the figures 2651, without any regard to their x ITE 
particular denominations; then according as | 26 6 423 23 
they are varied with reſpect to the number 265 [o'4234097 
of decimals, as in the iſt annexed column, 2651 [1:4234097 
the index of their logarithm, and the com- 02651 [2:4234097 
pleat logarithm, will vary as in the 2d column O03651074334597 


here annexed. And hence, like as when the 
natural number is given, we find the index of its logarithm by 
counting how far its firſt figure on the left hand is from the units 
place; 10 when a logarithm is given, the denominations of the 
figures in its natural number will be found by placing the decimal 
point ſo, that the number of integer places may be 1 more than 
that of the index when poſitive, or by ſetting the firſt ſignificant 
figure in that decimal place, which is expreſſed by the number of 


the index when negative. 


Of finding the Logarithm of a given Number, or the Number to a given 
| Logarithm. 


I. To find the Lagarithm of a Number conſiſting of 3 Figures. 


Find the number in the column of numbers in one of the firſt 4 
pages of the table, and immediately on the right of it is its logarithm 
ſought. So the logarithm of 72 is 118573325, and the logarithm 
of 3*33 is 0'5224442, when the proper index is ſupplied. - 

2. 10 


— 


* 
— — IO — 
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2. To find the Logarithm of a Number conſiſting of 4 Places. 


In the firſt column (figned N) in ſome one of the pages of the 
table after the firſt four, find the given number, then againſt it in 
the 2d column (ſigned o) is the logarithm ſought. So the logarithm 


of 2254 is 33529539, and that of 31-32 is 14958218. 


3. To find the Logarithm of a Number conſiſting of 5 Places. 


Find the firſt 4 figures of the given number in the firſt column as 
before, and the 5th figure at the top or bottom ; then the'7 figures 
of the logarithm are found in two columns on the line of the firſt 4 
figures of the given number, viz. the firſt 3 figures of the logarithm 
are the firſt 3 common figures of the 2d column (ſigned o), and the 
laſt 4 figures are on the ſame line, but in the column ſigned with 
the 5th figure of the given number. So the logarithm of 23204 is 
43655629, and that of 746:40 is 28729716, and that of :083178 is 
29200085. | | 

Note, When the laſt four figures of the logarithm begins with a 
cipher, or any figure leſs than the laſt four in the 2d column begins 
with, then the firſt 3 common figures are thoſe in the next lower 
line: ſo in the laſt example the firſt 3 common figures are 920, and 
not 919. | 


4. To find the Logarithm of a Number of 6 Places. 


Find the logarithm of the firſt 5 figures by the laſt article, and 
take the difference between that logarithm and the next following 
Jogarithm, or (which is the ſame) find the difference neareſt oppo- 
fite in the laſt column but one, ſigned D ; then under that difference 
in the laſt column (of proportional parts) and againſt the 6th figure 
of the given number, is the part to be added to the logarithm before 


found for the firſt 5 figures, the ſum being the logarithm ſought. 


So to find the logarithm of 3409'26. The logarithm of 34092, the 
firſt 5 figures, being 5326525, and the common difference 127, un- 
der which and againſt 6 in the laſt column is 76, which being added 
to the former logarithm, and the proper index prefixed, we have 
35326601 for the whole logarithm required. 21 


5. To find the Logarithm of a Number of 7 Places, 


Find the logarithm of the firſt five figures by the 3d article, and 
of the ſixth figure by the 4th article; then for the logarithm of the 
th figure, divide its proportional part by 10, that is ſet it one place 
farther to the right hand than the laſt figure of the logarithm 
reaches; add all the three together, and their ſum will be the loga- 

rithm required. | | 
Thus 
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Thus to find the logarithm of 34409264. 
The ſeveral parts being taken out Ks ws 3 ; e 
7 


to rule, and placed as in the margin, the — 
ſum gives the whole logarithm ſought. — r 
Note, In the ſame way we might take out —— cz 


the proportional part of an 8th figure, divi- 

ding its tabular part by 100, or ſetting it two places farther to the 
right hand than the firſt logarithm, Or the whole proportional 
part for any number of figures above five, may be found at once by 


multiplying the common tabular difference of the loga- 

_ rithms, found as before, by all the figures after the 5th, — 
cutting off from the product as many figures as we mul- 805 
tiply by, and adding the reſt to the logarithm of the firſt 782 


5 figures before found. So in the laſt example above, 
having found the common difference 127, multiplyin 
it by 64 the laſt two figures, cutting o two, ad = LAGS 
reſt to the logarithm of the firſt 5, as in the margin. 532 

For another example, ſuppoſe we wanted the logarithm of the 
following 8 figures 34092648. 'The operation by both methods will 


be as below. 


127 — 
34092 -'- 35326525 648 
6 - » = 76 1016 
4 or Yay $,1 508 
: 8 ry wad 1,0 62 
34092648 753325657 8 82,290 
[a | 5320525 


75326607 the ſame as the other, 


6. To find the Logarithm of a Vulgar Fraction, or of a Mixt Number. 


Either reduce the vulgar fraction to a decimal, and. find its lo- 
garithm as above. Or elſe (having reduced the mixt number to an 
improper fraction), ſubtract the logarithm of the denominator from 
the logarithm of the numerator, and the remainder will. be the lo- 
garithm of the fraction ſought. __ | 
Ex. 1. Tofind the log. of 4, or 0'1875. | Ex. 2. To find the log. of 131 or 4 
From log, of 3 0" 4771213 From log. of 88 17403627 
Take log. of 16 1. 2041200 | Take log. of 4 -. - 0:6020600 


Rem. log. of g or 1875 T- 273c013 | Leaves log. of or 13˙75 1˙1 383027 


7. To find the natural Number anſwering to any given Logarithm. 


Find the firſt 3 figures, next after the index of the given loga- 
rithm, in the ſecond column, ſigned o, and the other 4 figures on 
the ſame line in one of the nine following columns; if the figures 


of the logarithm be thus found exactly, on the ſame line in the firſt 
8 8 column 


** 
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column are the firſt four figures of the natural number, and the 5th 
is at the top or bottom of that column in which the laſt four figutes 
of the log. were found. So to find the number anſwering to the 
logarithm 2:5890108. In pa. 64 I find the firſt three figures 589, 
and in column 6 of the line above are found the other four *0108, 
(becauſe the firſt three common figures are ſuppoſed to begin at that 
part of the line above where they are placed); then on the ſame 
line in the column of numbers ſtand the firſt four figures 388-1, and 
6 at the top of the column, making in all 358-16 for the number 
ſought; having placed the decimal point ſo as to make three inte- 
gers, being 1 more than 2 the index of the given logarithm. 

But if the given logarithm be not found exactly in the table, ſub- 
tract the next leſs tabular logarithm from it, and look for the re- 
mainder in the proportional parts under the difference between the 
two tabular logarithms next leſs and greater than the given loga- 
rithm, and againſt it, or the part next leſs, is a 6th figure to be 
annexed to the five figures before found. And if the remainder be 
not found exactly in the proportional parts, ſubtract the next leſs 
part from it, and annex a cypher to this 2d remainder, then againſt 
the neareſt proportional part (either greater or leſs) is a 7th figure 
to be annexed to the fix before found. And that figure will be the 
neareſt to the truth in that place, either too much or too little. 

Ex. To find the number anſwering to the logarithm 12335678. 
The next leſs tab. log. is the log, of 17122 viz. 2335545 
| iſt rem. 133 


The difference is 254, ö -- = $_ - forthe part 127 


2d rem. 60 
and the table of pro. pts.gives f _ _ 2 for the part 8 


Jo that the number ſought is 1712252, making two integers for the 


index 1. 5 

Or the 6th and 7th figures may be found without the table of pro- 
portional parts, by apt i the _o reep by the tabular diffe- 
rence, annexing one cipher to the dividend for each 
figure to be RET So in the laſt example, the re- 254) [3300($2 
mainder 133, with two ciphers annexed, being di- — 
vided by the tabular difference 254, as in the margin, 600 
the quotient gives 52 for the 6th and 7th figures, 508 
the ſame as before, 
In like manner may be found the numbers to the following loga- 
rithms. 
Logatith. 1 · 2 345678137 34300311-0921406]2*37 2046814*61 2 30043; · 2946809 
Numb. 17:16200 15423758 1236348 ['02355303[49954*39 1970˙974 


Ly 
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OF LOGARITHMICAL ARITHMETIC. 


I. Multiplication by Logarithms, 


Add together the logarithms of all the factors, and the ſum is a 
logarithm, the natural number correſponding to which will be the 


product required, 


Obſerving to add, to the ſum of the affirmative indices, what is 
carried from the ſum of the decimal parts of the logarithms, 

And that the difference between the affirmative and negative in- 
dices is to be taken for the index to the logarithm of the product, 


Ex. 1. To multiply 23.1 4 by 5062. 
23*14 its log. is 13643634 

5˙062 its log. is 0177043221 

Product 117*1347 - - 20686855 


Ex. 3. To mult. 3902, and 597*16, 
and *0314728 all together. 

3*902 its log. is 0:5912873 

59716 - - 2760907 

0314728 = 24979353 

Prod, 73˙33533 + 18653133 


The 2 cancels the 2, and the 1 to 
carry from the decimals is ſet down. 


Ex.2.Tomul. 2.581926 by 34457291. 
2*581926 its log. is 0*4119438 
3'457291 — 05387359 

Prod. 8.9264 - - 9506797 


Ex. 4. To mult. 35˙86, and 21046, 
and 0*$372, and 010294 all together. 
3*586 its log. is 0*5546103 


21046 - 073231696 
o'8372 - - 179228292 
010294 = 24683473 


Prod. 18 70198 12689564 
Here the 2 to carry cancels the 2, and 
there remains the 1 to ſet down, 


II. Diviſion by Logarithms, 


From the logarithm of the dividend ſubtraQ the logarithm of the 
diviſor, the remainder is a logarithm whoſe correſponding. number 
will be the quotient required. 

But firſt obſerve to change the ſign of the index of the logarithm 
of the diviſor, viz. from negative to affirmative, or from affirmative 
to negative; then take the ſum of the indices if they be of the ſame 
king, or their difference when of different ſigns, with the ſign of 
the greater, for the index to the logarithm of the quotient, 

And when 1 is borrowed in the Jeft-hand place of the decimal 
part of the logarithm, add it to the index of the logar:thm of the 
diviſor when that index is affirmative, but ſubtract it when nega- 
tive; then let the index thus found be changed, and worked with 
as before, 7 
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Ex. 1. To divide 24163 by 4567. Ex. 2. To divide 37*149 by 52376. 
Divid, 24163 its log. 4:3831509 Dieid. 37-149 its log. 1*5699471 
Divis. 4567 - - 3*6596310 Divis. 523*76 - - 27191323 


Quot. 5.290782 0*7235199 Quor. 0792752 +» 28508148 


| 
Ex. 3. To divide *06314 by *007241.| Ex, 4. To divide +7438 by 129476, 
Divid. 06314 its log. 2:8003046 D.vid. 7438 its log. 18714662 


Divis. 007241 - 38597985 Divis. 12-9476 = 11121893 
Quot. 8719792 69405061 Quot. 05744694 2592669 


Here 1 carried from the decimals to 
the 3 makes it become 2, which taken | Here the 1 taken from the 1 makes 
from the other 2, leaves o remaining. | it become 2 to ſet down, 


III. The Rule of Three, or Proportion. 


Add the logarithms of the 2d and 3d terms together, and from 
their ſum ſubtrad the logarithm of the 1ſt, by the foregoing rules; 
the remainder will be the logarithm of the 4th term required. 

Or in any compound proportion whatever, add together the loga- 
rithms of all the terms that are to be multiplied, and from that ſum 
take the ſum of the others ; the remainder will be the logarithm of 
the term ſought. 

But inſtead of ſuhtracting any logarithm, we may add its comple- 
ment, and the reſult will be the ſame. By the complement is meant 
the logarithm of the reciprocal of the given number, or the re- 
mainder by taking the given logarithm from o, or from 10, changing 
the radix from © to 10; the eaſieſt method of doing which, is to 
begin at the left hand, and ſubtract each figure from. q, except the 
laſt ſignificant figure on the right-hand, which muſt be ſubtracted 
from 10. But when the index is negative, add it to 9, and ſubtract 
the reſt as before. And for every complement that is added, ſub» 
tract 10 from the laſt ſum of the indices, = 


Ex. 1. To find a 4th proportional to] Ex. 2. To find a 3d proportional to 

72˙34, and 2*519, and 357-4602: 12*796 and 3*24718. 
As 72:34 comp. log. 81405215 As 12*796 - comp. log. een 
To 2519 - - 0*4012282 | To 3424718 - - o*g11;oby 
So 357:48662 - 26532592 80 324718 0*5115064 
To 12144827 - 10951089 To 8240216 - - 1:9159386 
Ex. 3. To find a number in propor- Ex. 4. If the intereſt of 1001. for a 
tion to *379145 as *85132 is to _ or 365 days be 4· öl. what will 
0649 the intereſt of 279˙2 fl. for 274 
As *0649 - comp. log. 111877553 days. 
To *8513z - -< 1:9300928| g, #100 8-0020000 
So 379145 = 1*5788054 55 log. (7437757 
+ 4 „ To 8 — 2274459932 
To 4973491 06966535 #0 1255 8 2*43775c6 
So 4'5 2 8 o- 6532125 
7 91433296 +: » 09746634 
IV, Ixvo- 
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IV. Involution, or raiſing of Powers. 


Multiply the logarithm of the number given by the propoſed 
index of the a bg the product will be the A. the 
power ſought. | 

Note, In multiplying a . with a negative index by any 
affirmative number, the product will be negative. — But what is to 
be carried from the decimal part of the logarithm will be affirma- 
tive. Therefore the difference will be the index of the product; 
and is to be accounted of the ſame kind with the greater. 


Ex. 1. To find the 2d power of | Ex. 2. To find the cube of 3 · 05146. 

255791. 

Root 2*5791 its log. o- 4114682 Root 30 146 its log. o· 4873449 
inden * 2 | r 

Power 6*651756 8.822934 Power 28-97575 - 14620347 


Ex. z. To find the 4th power of | Ex. 4. To find the 365th power of 


09163. 1945. | 
Root *09163 its log. 2:9620377 Root 1*0045 its log, 0'0019499 
index - 4 index - = 365 
Power +0000704938-5+8481 C08 97495 
Here 4 times the — = bs 1 


ing 8, and 3 to carry, the difference 


Tis the index of the product. Power 5:148888 - 7117135 


V. Evolution, or Extraction of Roots. 


Divide the logarithm of the power or given number, by its index, 
and the quotient will be the logarithm of the root required. 

Nate, When the index of the logarithm is negative, and the 
diviſor is not exactly contained in it without a remainder, increaſe 
it by ſuch a number as will make it exactly diviſible ; and carry the 
units borrowed, as ſo many tens, to the left-hand place of the de- 
cimal part of the Jogarithm ; then divide the reſults by the index of 


the root. 
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Ex. 1. To find the ſquare root of 
365. | 

Power 365 - - 2)2:5622929 
| Root 19910498 - 12811465 


Ex. z. To find the 10th root of 2. 
Power 2 10)0*3010300 
Root 14051773 - - 010301030 


— — 


Ex. 5. To find the ſquare root of 
„ 
Power *093 2) 2.9684829 
Root :304959 - - 1484241 
Here the diviſor 2 is contained — 
actly once in 2 the negative index, 
therefore the index of the quotient 


3 Is 
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Ex. 2. To find the cube root of 


12345. 


Power 12345 - 3) 40914911 
Root 23.111622 1*3638304 


Ex. 4+ To find the 365th root of 
1045. 

Power 1045 365) 0·019 1163 

Root 1*0c0121 » » 00000524 


Ex. 6. To find the cube root of 
*00048, _ 
mw 0 — 3)4'68124r2 
oot· 782 - - 2*80 
Here the Gvikee 5 20k *. 2 
contained in 4, augment it by 2, to 
make it become 6, in which the di- 
viſor is contained juſt 2 times; and 
the 2 borrowed being carried to the 


| other figures 6 &c, makes 2+681 2412, 


| which divided by 3 gives · 8937471. 
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PLA 
HESE are tables 2d, 3d, 


FT 


CES, 


and 4th, beginning at page 187. 


Of theſe, table 2 contains all numbers from 1 to 1000, and 


all uneven numbers from 1000 to 1161; with their logarithms to 
twenty places: table 3 contains all numbers from 101000 to 
101139, with their Jogarithms to twenty places, and the 1ſt, 2d, 
and 3d differences of thoſe logarithms : and table 4 contains all 
logarithms regularly from 00001 to 00139, with their correſpondin 

natural numbers to twenty places, as alſo the 1ſt, 2d, and 3d dif 
ferences of thoſe numbers. And by means of them may be found 
the logarithm to any other number, and the number to any other 
logarithm, to twenty places of figures. 


(I.) To find the Logarithms to given Numbers. 


Case 1. If the given number & be found. in any of theſe three 
tables; then its logarithm B is in the line even with it, 

CAsE 2, If b is known to be the product or quotient of numbers 
found in theſe tables; then B is the ſum or difference of the loga- 
rithms of thoſe numbers, 


- 


CASE 


* 
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Cass 3. If 4, the firſt fix ſignificant figures of a given number 
V, be found in table 3; let a be an integer, A/ its logarithm 
the remaining figures of /; x the complement of 3 tod or 1; 
D/, D, DY/”!, the 1ſt, ad, 3d differences of the logarithms in the 
ſame line with A; f=5 DT x x + 1 + D/: Then B the loga- 
rithm of the number will be 

IV x3+A! - - to12 

+xD/ + D'x3+A! - to 59 of figures nearly. 

12 7 +D/xX3+A/ - to 20 
Ex. 1. Given the number / = 0:01010,26227,6351, to find BY its 
logarithm nearly to twelve places. 5 


' Here & = 101026, A! = 00443,315794747 


3 = 0:2276351 3D! - - - - + 9785,618— 

D/ = 429881746 MS 200443341 395,365— 

Ex. 2. Given 6, = 0:01010,26227,63509,626, to find BY its log. 
nearly to 17 places. Here a = 101026. 


} = 0'22763,509526 ; x = 0772365 ; D/ = 42988,174579 ; D 
= 425510. t 
Now «x D// - 5 - - 1643245 


D / - - 42988,17457,8 
ID. AD / — - _42988,33890, zi 
:xD'+D/ x 8 - 2 9785, 65466, 42 
Ar — © 04433157957469533 
And TDT D/ x 3+ A, or B/ 2:00443,41365,40161,75 
Ex. 3. Given / = 001010,26227,63509,62573,17345, to find 55 
1 log. _ fp places. a — 101026. 2 MF 
=0*22763, 50962, 731733 x 20%77236, : 41217723653 
D/ =y fir" 8 3557 = Aras. es ge D//? ant d - 
Now 4 D// x x + 1 - - - - 49766 
770 oo _S 


f * * ls - — 70 ee 
2 * „nn 10432,02757 

D - - - 42988,17457,86301 
ixf+D - - . 42989, 33890,49058 


zxf+D'x32 - - - 9785,65466,45604 
And B A = = _0044Þ31579,74695,32791 

nd BY - - - 2,00443z41365,40161,78 
Cask 4. If the number þ come under — of I —— — 
eaſes: put à for the firſt five figures of 6b; n for 101, the leaſt, or 


ſome one, of the numbers in table 33 then g or == a is to be 


had in table 2, with A its logarithm; let . = S or ba, and & 


the firſt ſix ſignificant figures of # (found in table 3) be an inte- 
0 ger, 
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ger, and A“ its logarithm ; put) for the remaining figures of #/ ; 
x the complement of © to 4; D/, D/, D/, the iſt, 2d, zd, dif- 
ferences of the logarithms in the ſame line with A/; TFS TD x. 
x + 1 + D//. Then B the logarithm of the number b will be 
D'x?%+A+A=B'+Aton2)] lo 
— zD/+D x2+A1 +4A=ZB+Atn Figures nearly 
2x f + D'x3+A/+A=B 4 A to 20 
Ex. Given 5 = 3˙ e ee e han to find B to 
twenty places. 
| Here a = 31415. Leta== = 311. | 
Then ) = 2 — = O00, 15840, 95 144, 2970, 57; a = 101015. 


3 = e =0*15904,85597 ; x + 1 = 1*15905 ; 


D= 42992, 8557337 D 42560, 23099; P = 84263. 


Now 7 D/ X * E 1 - 3 2 Pp 32555 
Dr! - - 42560,23099 

7 * - 42560, 55054 
127 A 5 — 1 3384, 59701 

6 D/ . FE | - 42992,85574,0 337 


1 of + D/ 5 42992, 8895 8, 550908 
Izsf+D' x3 - J : 30154,93242,0391 
X A/ - p 00438,58681,74054, 39961 
A = _49276,03890,26837,50555 
And B - 0 0'49714,98720,94133,85435 
Or, let a = — —= 3216 = 0'536 x 6. 


Then 3“ 1 2 = 1010336, 2197 39-447 15-0549 3 42 101038. 6; 
3 =0'61973,94477+59549; x 03902 2055225 3 x +1 = 1*380z 
D = c_ 19618, 80760; D = 4254500 747 D S 84219. 


Now r D x x +1 p | — - 38748 
Dy: =: - - 42545,00747 

1 e : 4254545495 
I „ ES — $8089,17910 
Y D/ e — 42985, 19618, 80760 
z af + D/ - - — 42985,27707,98070 
ZT +D' x3 < = - 26639, 67187, 88811 
A - 00446, 32488, 03359, 61854 
on „ 00446,59127,70547,5006s5 
A - - 0*50731,60400,764.13,65230 

B B/ A - 0:49714,98726,94133,85435 


(II.) To find the Numbers to given Logarithms. 


Cask 1. When the logarithm B is found in any of theſe three 
tables: then its number & is in the line even with | it, 
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Case 2. If the firſt five figures (omitting the index) of a given 
logarithm B“, be between 00432 and 00492 : take them as an inte- 
ger, and put A“ and C/ for the logarithms, in table 3, next leſs and 

reater than B/, 4/ and c their numbers; let D/ (= C - A“) and 
* be the iſt and 2d differences in the line with A“; a B- A'; 
((an X n 57 XB then Þ' = a 
+ 9, nearly true to 17 places of figures. 


Ex. Given the logarithm B' - - = 5,00446,59127,70547»507 

to find / its number, A“ = 5.00446,32488,03359,019 

a' = 101033 | A = 0:20639,67187,888 

- _-_- ©£'61973,944776 D! = 0:42985,19618,803 

b' = 101033'61973,944770 D' — 4 = 0116345,52430,920 
X = 0:38026 


D“ = 0:00000,42545 

ZX D“ = o:00000,08089, 1 

| -D' + + X D“ = 0:42985,27707,9 
But when any other logarithm B is given, ſubduct 004321 from 
the firſt ſix figures of B; call the remainder R, and let A be the 
logarithm in table 2, next leſs than R, or next greater than the 
| complement of R, and @ its number: then B! = B — A, or B! = 
B + A, will be within the limits of table 3, and b“ will be found 
as in the preceding example; and if B' = B — A, then 5 = ab; 


or if B/ =B+A, then 5 = 5 


Case 3. If A', the firſt five figures (omitting the index) of a 
given Jogarithm B/, be found in table 4: let 4“ be its number; and 
put A“ as an integer, and A the remaining figures of B', and X the 
complement of A to D'; d, d“, 4“, the iſt, 2d, zd differences of 
the numbers in the ſame line with a'; f= Ad - x X+1: 
then the number 5“, whoſe logaritizm is BY, will be 

d' ATA to 12 

d NI X ATA!“ to 17 plac of figures nearly. 

a — X XA+a'-- to 20 

Ex. Given the logarithm B' = o oco6, 93311.377 11,6529, to 
find 6“ its number to 20 places. Here A! = o0c006. 

= 0*93311,37711,69929 ; X = 0'06688,622883; X + 1 = 1*066886; 


. 


4 = 23029,29742,21293; 4 53027, 746 ; 4 = 1, 22100. 


T Now 
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Now r / x X +1 = - - 43422 
3 - - - — 53027,52746 
” . 2 . — 82227709324 
.. - - - 177339115 

- - - - 2 3029,29742,21293 


4 —IXf - - - 23029,27968,82178 
a — XFN A — - - 21488,93801,72000 
| „% => — 10001,38164,64943-57474 
And - 2 ; 1*00015,90535,87452,9474 


Cask 4. If the logarithm B come under none of the preceding 
caſes. Put A for the logarithm in table 2, next leſs than B, or next 
greater than the complement of B, and à its number; let B/ = B 
—A, or B/ = B ＋ A; and A/, the firſt five figures of B/, may be 
had in table 4, with 4/ its number; put A/ as an integer, and let a 
be the remaining figures of B/; X the complement of & to D/; d, dil, 
di,, the iſt, 2d, 3d differences of the numbers in the fame line with 


4; f=d—i"'xX+1: then the number , whoſe logarithm 
is B/, will be 


4 X ATH X a = all toll 78 
N TV xa=ab to 16 roi ES: 
IN „aT xXa=al to 19 

Ex. Given B 746372, 61172, 0 184, 15 204, to find b its number, 

Let A = 1462394799789 950,087 33- a = 29. 

B/ = B— A F. oo132, 81193, 8228, 06471. A/ = 00132, 

a =o'$1193,08228,06471; X = 0:18806,91772; X +1 = 118807 ; 

= 23096,20835,34589 . = $3181,59733; & = 122457. 


Now 24) x X +1 . - = 48496 
FL - - ” - =-_ $3181,59733 
— „ - - $3181,11237 
„ = = _ $000,86402 

al - - - - 23096,20835, 34589 
4 — f X - - - = 23096,15834.48187 
al XF » =- - 18752,48284,85771 
af = 10030,44030,01963,96855 

M — - - - 10030,62788,50248,82626 
b = ab! - 0'00029,08882,08005,72159,61 54 


Or, 
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Or, given B = 4:46372,61172,07184,15204, to find 5. 
Let A = 2*53055,84425,71530,11205. a= 344- 
B =B + A = 1-00028,45597,78714,26409- A“ . 


a 05597, 78714, 26409 X = 0:54402,21286; X + 1 S1 · 544023 
4 = 23040, 96629, 91521; /= 530 64, 396343 4 = 122163. 


Now *d x X +1 - - — 62874 
at " - - - 53054+39034 
f - - - = _$3053,70760 


ZXY - SA — 14431-21179 

al — - - 23040,90629.,91 521 
4—zXf - —— 23040,82198,70342 
TWWwIESF XS on im 10506, 10496, 55627 
4 10006, 44931, 705 11,7281 


* - - - 10006,55437,81008,22908 
* 
32 4-4 - = 0:00029,08882,08665,72159,016 


OF THE TABLES FOR LOGARITHMS TO SIXTY- 
ONE PLACES, | 


Theſe are tables 5 and 6, from page 204 to page 208 ; the former 
containing the natural numbers in regular order from 1 to 100, and 
after that all the primes up to 1100, with their correſponding loga- 
rithms to ſixty-one places of figures; and the latter in page 208 
contains all numbers in order from 999980 to 1000020, with their 
logarithms to ſixty-one places, as alſo the 1ſt, 2d, zd, and 4th 
differences of theſe logarithms. And the uſe of theſe tables, in 
finding the logarithm to any number, or the number to any loga- 
rithm, each to ſixty-one places of figures, will be as follows. 
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OF THE TABLE OF HYPERBOLIC LOGARITHMS. 


This is table 7, in pages 209 = - - 212, which contain the 
ſeries of numbers 1-01, 1'02, 103, &c to 10'00, with their hy- 

rbolic logarithms to ſeven places of figures. They are ſo called 
hh they fquare the aſymptotic ſpaces of the right-angled hyper- 
bola; and they are very uſeful in finding fluents, and the ſums of 
infinite ſeries. The table, as well as the following rules, were firſt 
given at the end of Simpſon's fluxions ; but they were rendered 
much more corre& in the French edition of Gardiner's tables, 
printed at Avignon in 1770, being very incorrect in the laſt figure 
in Simpſon's book. But both thoſe books are very erroneous in 
the example for finding logarithms by the table. 


1. When the given Number is between 1 and 10. 


From the given number ſubtract the next leſs tabular number, 
divide the remainder by the ſaid tabular number increaſed by half 
the remainder ; add the quotient to the logarithm of the ſaid tabular 
number, and the ſum will be the logarithm of the number pro- 

ſed, 

7 To find the hyperbolic loga- 
rithm of 3'45678. Here the next leſs 3˙45339) 00678 (0019633 


number is 3˙45, and its logarithm | 12383742 
1'2383742, the remainder or dividend log. 12403375 


00678, its half 339, which joined 

to the tabular number 3:45 gives the diviſor: the quotient 
*0019633 added to the tabular logarithm 12383742, gives 1'2403375 
the required logarithm of 3:45678. 


2. When the given Number exceeds 10. 


Find the logarithm of the number as above, ſuppoſing all the 
figures after the firſt to be decimals; then to that logarithm add 
23025851, or 46051702, or 69077553, &c, according as the 

iven number contains 2, or 3, or 4, &c, places of integers. 

hat is, add 2:302585092994 multiplied by the index of the power 
of 10, by which the given number was divided to bring it to one 
integer, or Within the limits of the table. 

Ex. To find the hyperbolic logarithm of 345-678. 

This number divided by 100 or 102, to bring it 12403375 
within the limits of the table, or removing the deci- 46051702 
mal point two places, gives 345678, the logarithm 5*8455077 
of which as above found is 1:2403375, to which add- 
ing 46051702 the hyperbo?ic logarithm of 100, the ſum is 5*8455077 
the hyperbolic logarithm required of 345 678. | 

Note, 


TC OT 
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Note, The hyperbolic logarithm of any number may be alſo found 
from Briggs's logarithms, viz. multiplying Briggs's logarithm of 
the ſame number by the hyperbolic logarithm of 10, viz. 

Multiplying by - — 2:30258,50929,94045,68401,79914, 
Or dividing by its reciprocal 43429, 448 19, 03251, 82765, 11289. 


OF THE LOGISTIC LOGARITHMS. 


Theſe are in table 8 pages 213 - - - 217, which contain the 
logiſtic logarithm of every ſecond as far as the firſt 80“ or 4800/). 

The logiſtic logarithm of any number of ſeconds, is the diffe- 
rence between the {ogarithm of 3600, and the logarithm of that 
number of ſeconds. | 

The chief uſe of the table of logiſtic logarithms, is for the ready 
computing a proportional part in minutes and ſeconds, when two 
terms of the proportion are minutes and feconds, hours and minutes, 
or other numbers. 

When two terms of the proportion are common numbers, their 
common logarithms may be uſed inſtead of their logiſtic logarithms, 
putting the logarithm where its complement ſhould be, and the 
contrary. | | 


1. To find the Logiſtic Logarithm of any Number of Minutes and Se- 
| conds, within the Limits of the Table. 


At the top of the table find the minutes, and in the ſame co- 
lumn, even with the ſeconds on the left-hand fide, is the logiſtic 
logarithm. | | | 

Note, When hours are. made any terms of the proportion, they 
are to be taken as if they were minutes, and the minutes of an hour 
as if they were ſeconds. 


2. To find the Logiſtic Logarithm of any Number not exceeding 4800. 


In the 2d row next the top of the table find the number next leſs 
than that given, and in the ſame column, even with the difference 
on the left-hand fide, is found the Jogiſtic logarithm. 

W hen two given terms of the proportion are common numbers, 
one or both greater than 4800, take their halves, thirds, &c, in- 
ſtead of them. But when only one of the given terms is a common 
number, and that greater than 4800, take its half, third, &c, and 
multiply the 4th term by 2, 3, &c. 

The logiſtic logarithms in this table are all affirmative, as well 
above as below 607; but the index of thoſe above 6&/ is — 1; be- 
low 60of down to 6/, the index is o; and below 6, the indices 
(being either 1, 2, or 3) are expreſſed in the table. 
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EXAMPLES 


As 607 la. log. As 60' lo. log. As 60/ lo. log. 
To 46 12 . O*I135 To78/ 27 oh 1*8836 Torg ? Ns . 0*3713 


So 8 7 . 08688 80 13 53 8 0˙6357 80 40 n 0˙1135 
To 6 15 . 9823 To18 9 . . o 5193} 191179 + + "04848 


As 46 12”! . co. 1.8865 As 78' 27” co. o- 1164 [A8 400 12” , co. 7·886 
Tobo © , . o'0000/Tobo © . croooofToirng , . 0484 
So 6 15 . 0982380 18 g 0.193080 60 of , . ow0000 
To 8 7 . . 8688 To13 53 . . o'6357|Torg3t „ 0n3713 


As 60% . co. 0*'0000[As 2 . , co. 1*6021|As 24? co. 16021 
To472t . . 1'8823|Tog6' 11” , . 011137 ]Toy6' 34” 18941 
So 37“ 28” .o. 045 80 8 71. 0.868880 130 530 . 06357 
To2948 . 60858 To 15 37” . . 058460 To 44 17” 67319 


As 4721 . co. 0'1177|As 46' 117 . co. 18863 As 760 34” . co. o- 1059 
Too . o oοοοοο T2459. 3979 To 23 . . 0:3979 
So 2948 . 0868 80 15“ 39” 0 5846/80 44 177 01 319 
To 37' 28” . 020456 To 6 x . 8.86880 To 13 53” 66357 


The logiſtic logarithms may conveniently be uſed in trigonome- 
trical operations, when two of the terms are ſmall arcs, with the 
logarithmic fines or tangents of other ares: obſerving, that inſtead 
of the logarithmic fine or tangent, to take the complement of their 
logiſtic logarithm ; and the contrary. 

Bur this may be as readily and more naturally done by the loga- 
rithmic ſines and tangents themſelves of ſuch ſmall arcs, as taken 
from the next following table of ſines and tangents for every ſecond 


of the firſt 2® or 120", 


OF THE LOGARITHMIC SINES AND TANGENTS TO 
EVERY SECOND. 


Table 9, pages 218 - - - 247, Contains the log. fines and 
tangents for every ſingle ſecond of the firſt 2 degrees of the qua- 
drant ; the fines — placed on the left-hand pages, and tangents 
on the right. The degrees and minutes are placed at the top of the 
columns, and the ſeconds on the left-hand fide, of each page, the 
logarithmic ſine or tangent being found in the common angle of meet- 
ing. So of 1* 52 54 the log. ſine is 85 163420, and the log. tangent 

5165762. | : 

Tbe fame numbers are alſo the coſines and cotangents of the laſt 

2 degrees of the quadrant, thoſe degrees with their minutes being 


placed at the bottom of the _—_ and their ſeconds aſcending 
on 
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on the right-hand ſide of the pages. So the coſine of 880 77 & is 
8:5163420, and its cotangent 854165762. 

When it is required to find the fine or tangent &c. to 3ds &c. or 
any other fractional part of a ſecond, ſubtract the tabular ſine or 
tangent of the compleat ſeconds from the next to it in the table, 
and take the like proportional part of the difference ; which part 
added to, or taken from, the ſaid tabular fine or tangent, accord- 
ing as it is increaſing or decreaſing, will give the ſine or tangent 
required. | 

Ex.Tofind the log. ſine of 1* 52" 54” 25”” or 1 52 


” 


i ; 
4” 3+ or Ts. 


Here the fine of 1* 52/ 54 1* 52 54” line 8:5163420 
taken from the next leaves 1 $52 55 +» + « 85164061 
641, which multiplied by dit, 641 
5 and divided by 12, or 4 
multiplied by 25 and di- 12) 3205 
vided by 60, gives 267 the pro. part 267 
pro. part; this added to 1 52 54” 6163420 
the firſt ſine gives that 1 52” 54" 2508=5163687 


which was required. 

On the contrary, if a ſine or tangent be given, to find the core 
reſponding are; take the difference between it and the next leſs ta- 
bular number, and the difterence between the next leſs and greater 
tabular numbers, ſo ſhall the leſs difference be the numerator, and 
the greater the denominator, of the fractional part to be added to 
the arc of the leſs tabular number; which fraction may alſo, if re- 
quired, be either turned into a decimal, or into 3ds &c. by multi- 
plying the numerator by 60 and dividing by the denominator, 

Ex. Jo find the arc whoſe fine is 8.5 163900. 

Finding the number is between the 

fines of 1? 52/ 55” and 19 52 54”, 1? 52 55” - « - 8:5164061 


take the differences between the fines 1 52 54 ER 8*5163420 
as in the margin, and the differences * 5? 54 45 * - 85163900 
give 437 for the fraction of a ſecond, diff, - - 480 
or #5 nearly, which abbreviates to diff, - 641 


i” 


—= 45”; and therefore the arc ſought is 1“ 527 54” 45 


Where the iſt differences of the ſines and tangents alter much, 
as near the beginning of the table, the 2d, 3d, &c. differences may 


be taken in, and then the logarithmic ſine or tangent will be expreſſed 


by this ſeries, viz. | 
, — _— —2 "me — 4 
Q=A+aD/+x.— : Dx. . n &c, or nearly A+D'—D".x; 
where A is the next leſs tabular logarithm, D/, D“, D“, &c. the 
iſt, 2d, 3d, &c. differences of the tabular logarithms, and x the 
fractional part of the arc over the compleat feconds, : 


Ex. 
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* Ex. To find the log. tangent of iy 1” 12 24 or 5 1” s or 5" 1206, 
Tang. P ereA=7-1641417; 4=3c5; D =14404z; 
D andthe mean 2d. diff. D“ = — 48. Hence 


77. 


10 71626964 

12271641417 ——— 49 A - - 7'1641417 
5 2 =» - 7'1655821 14367 -47 xD - - - - 2977 
7 7:1670179 = _ „ 


Therefore the tangent of 5/ 1” 12/7 4 71644398 

And on the other hand, when the fine or tangent is given, an 
falls near the beginning of the table, from the ſame ſeries we may 
find x the fractional part, of a ſecond. For ſuppoſe it be required 
to find the arc whoſe tangent is 71644398. This falling between 
the tangents of 5” 1” and 5 2”, take the differences &c. as above, 


and the ſeries gives 7 1644398 = 71641417 T* D“ + x. = D* 


or 2981 = 14404 x — 24. * — x, or — 24 * + 14428 x = 2091 ; 
which gives x = *2067” nearly = 12” 24. Therefore the arc 
required is 5 1“ 12” 24. Or rather the approximate value A + 

, 8 8 r 
D — D“. „= Q, gives æ "T7 = 


*2067, the ſame as before, 


OF THE TABLE OF NATURAL AND LOGARITHMIC 
SINES, TANGENTS, Ke. 


Table 10, page 248 = = - - 237, contains all the fines, tangents, 
ſecants, and verſed fines, both natural and logarithmic, to every 


minute of the quadrant, the degrees at top, and minutes deſcending *' 


down the left-hand fide as far as 45*, or the middle of the quadrant, 
and from thence returning with the degrees at the bottom, and the 
minutes aſcending by the right-hand fide to 90, or the other half of 
the quadrant, in ſuch fort that any arc on the one fide is on the 
ſame line with its complement on the other ſide; the reſpective 
lines, coſines, tangents, cotangents, &c, being on the ſame line 
with the minutes, and in the columns ſigned with their reſpec- 
tive names, at top when the degrees are at top, but at the bottom 
when the degrees are at the bottom. The natural fines, tangents, 
&c. are placed all together on the left-hand pages, and the loga- 
rithmic ones all together, facing them, on the right-hand pages. 
Alſo in the naturals there are two columns of common differences, 
and in the logarithmic 3 columns of common differences, each co- 
lumn of differences being placed between the two columns of num» 
bers having the ſame differences ; ſo that theſe differences ſerve for 
both their right-hand and left-hand adjacent columns: alſo each 
differential number is ſet oppoſite the ſpace between the numbers 
whoſe difference it is. The numbers on the ſame line in thoſe co- 
lumns having ſuch common En, are mutually complements 

4 of 
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of each other; ſo that the ſum of the decimal figures of any two 
. numbers, is always 1 integer, with o in each place of deci, 
mals, | 

All this will be evident by inſpecting one page of each ſort, as 
well as the method of taking out the * &c. to any degrees and 
compleat minutes. It is however to be obſerved, that in all the 
log. fines, tangents, &c. and in ſuch of the natural as have any 
ſignificant figure for their index or characteriſtic, the indices are 
expreſſed in the table, and the ſeparating point is placed between 
the index and the decimal part of the number; but in ſeveral co- 
Iumns of the natural fines, &c. having o for their integer or index, 

. both the index and decimal ſeparating point are omitted: and where- 
ever this is tHe caſe, it is to be underſtood that all the figures in ſuch 
columns are decimals, wanting before them only the ſeparating 
point and index o. 
: The fine, tangent, or ſecant of any arc, has the ſame value, or 
1s expreſſed by the ſame number, as the ſine, tangent, or ſecant of 
the ſupplement of that arc; for which reaſon the tables are carried 
only to a quadrant or go degrees. So that when an arc is greater 
than go?, ſubtract it from 180% and take the fine, tang. or ſecant of 
the remainder, for that of the arc given. But this property does not 
take place between the verſed fines of arcs and their ſupplements : 
and to find the verſed fine of an arc greater than 9go®, proceed thus: 
in the natural verſed fines, to radius add the natural coſine, the ſum 
will be the natural verſed ſine; and in the log. verſed fines, add 
3 to twice the log. ſine of half the are, the ſum, abating 
radius 10'0000000, will be the log. verſed fine required. 


I. Given any Arc; to find its Sine, Coſine, Tangent, Sc. 


Seek the degrees at the top or bottom, and the minutes reſpective : 
ly on the left or right, and on the ſame line with thele is the 
fine, &c. each in its proper column, the title being at the top or 
bottom, according as the degrees are. 

But when the given arc contains any parts of a minute, interme- 
diate to thoſe found in the table: take the difference between the 
tabular fines, &c. of the given degrees and minutes, and of the mi- 
nute next greater ; then take the proportional part of that difference 
for the parts of the minute, and add it to the fine, tangent, ſecant, 
and verſed fine, or ſubtract it from the coſine, cotangent, coſecant, 

or coverſed fine, of the given degrees and minutes; ſo ſhall the ſum 
or remainder be the fine, &c. required. 

Note, The proportional part is found thus, as 1“ is to the given 
intermediate part of a minute, ſo is the whole difference, to the pro- 

portional part required; which therefore is found by multiplying 
the difference by the ſaid intermediate part. Alſo that intermediate 

t may be expreſſed either by a vulgar fraction, or decimal, or , 

P ſexageſimal in ſeconds, thirds, &c. and the fraction or ſexageſimal 


may 
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may be firſt reduced to a decimal, if it be thought better ſo to do, 
by dividing the numerator of the fraction by the denominator, or by 
dividing the ſexageſimal by 60. 


| RXAMPL Ek 
1. To find the natural fine of |2. To find the- natural tangent of 


19 48% 28% I 2%. 80 9 1 of 2 4”. 
In the column of difference between 89 10“ tang. » +» 1435084 
the natural fines of 19 48 and 1 49/7} 8 g » - - - 1432115 


is the difference 2907 -_ - 12” A. 200 
being = 28*2” = *47' ; therefore as| _ ee 12 
1. 2907 : : · 47: the pro. part+1366 $2099 009 * 77 1 
to which add fin, 19 48“ - 0314108 | A | 

6 ai ao aotocns 89 9g 10“ 24 +» 1432630 
makes fin. of 19 48” 28” 12 0315474 


3- To find the nat. coverſed fine of 4. To fine the logarithmic coſine of 
* 6 g“ 40%. 6? 8&* 42”, . 

4 5 
1: 2902 (tab, dif.) : — =. 1: 236 (tab. dif.) :: 4 : pr. pt. gs 
5 40%; pro. part 68 coſine 9997 506g 
46 coverſ. = » 9285026 6% 8 42” - - 99974974 
4 & 5 4% 9284752 


5. To find the log. ſec, of 7 12” 50/. [+ To find the logarithm cotangent of 
& r 
® 127 ſecant « 1040034381 e 
. 12 50“ + + 1070034514 39” 4 ” l 2 100909976 
39* 4/ 12” 20'" 1070905447 


The foregoing method of finding the proportional part of the ta- 
bular difference, to be added or ſubtracted, by one ſingle propor- 
tion, is only true when thoſe differences are — 3 and may 
do for all except for the tangents and ſecants of great arcs near 
the end of the quadrant in the natural ſines, &c. and in the log. 
ſines, &c. except the ſines and verſed fines of ſmall arcs, the tan- 
gents of both large and ſmall ares, and the ſecants of large ares. 
And when much accuracy is required, theſe excepted parts may be 
found by the ſeries uſed in the laſt article, viz. Q=A + x D' + 


x. 2 D. D“. or= A+D —ID” near- 


ly; where A is the tabular number for the degrees and minutes, 
ly D“, D“, &c. the 1ſt, ad, 3d, &c. tabular differences, and x 
the fractional part over the compleat minutes, &c ; at leaſt it may 
be proper to find the tang. and ſecants of very large arcs from this 
ſeries ; but as to the log. fines, verſed fines, and tangents of ſmall arcs, 
they may alſo be found, perhaps eaſier, from their correſponding 
natural ones, viz. find the natural fine, verſed fine, or tangent of 

| the 
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the given ſmall arc, and then find the log. of ſuch natural number 
by the 1 or large table of logarithms, which will be the log. fine, 
þ the log. tangent and ſecant of large arcs will 


&c. required. 
be alſo found by takin 


E X A M 


1. To find the log. fine of 1 48“ 28” 12“ 

The natural ſine, ſound in Ex. 1. above, is 
0315474 and the log, of this. is 84989636 
the log. ſine required. 


3. To find the log. tang, of 2 23 33” 36“. 
20 23 “its nat. tan. 0416210 
1: 2914 tab. dif. : : *56'=33" 36“ + 1632 

29 23” 33” 36” nat. tan, 0417842 
Its log.2 23 33 36 log. tan. 86210121 


To find the log. ſec, of 889 11' 31” 48“. 


10 complement is 1 48 28 12 
Its log. fine in Ex. 1. is - 84989636 
Which taken from «- <- 200000000 


| Leaves |. ſec, 88“ 11 31“ 48/” 11:5010364 
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the difference between 20 and their log. 
cotangent and coſine reſpectively. And laſtly, the natural tangents 
and ſecants of large arcs may alſo be found by firſt finding their log, 
tangent and ſecant, and then finding the correſponding number, 


— 2 


wy 


In the 6th example the natural ſecant is 
found by thedifferential ſeries to be 31-6983 39. 
But by taking the-number to the logarithm 
of it, as found in the 5th example, it is 


' $1*698333 ; which Teems to be the more ac- 
curate, as well as the eafier way; and indeed 
this method by the ſeries, ſeems to be, in 
ſome inſtances, more troubleſome, and leſs 
accurate, than finding the ſecant by dividing 
i by the coline, 


P L E S. 


2. To find the log. vers. of 1 48' 28” 12” 
1 48 nat. vers. - - 0004944 

1:92 tab, dif. :: 47 = 28” 12": + 6 
1* 48 28” 12” nat. vers.. 00040) 

Its log, 1 48 28 12 log. vers, - 6:696967h 


4. To find the log. tang, of 87 36' 26” 24”, 
Its complement is 2 2333 36 

W hoſe log. tang, in Ex. 3. is — 8-6210121 
Taken from 20*0000000 
Leaves log. tan, 87* 36120 24” 717378987 


6, To find the nat. ſec. of 88 11“ 31“ “%. 
nat, ſec, p- / 

88» 93.976074 cog), 

88 1031-257577 426856 0, 

38 1261846220197“ 

88 12 315836225 i 21545 9 

88 13432˙133663l 9743 


Hence A = 31544246; D' 291979; | 
D” = 5310; the mean D“ = 146 ; 


x="53'=31" 48”; x. — — 124551 
1 Rong 061 25, 


©. 4M 


Then - - - - - - - 31544246 
WHT - v0 © -" - -- 35608 
Xs — D/ 0 - —664 
2 Po - 
4. — — = SS oe ms 9 
ES 
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2. Given any Sine, Tangent, &c, to find its Are. 


Take the difference between the next leſs and greater tabular 
numbers of the ſame kind, and the difference between the given 
number and the ſaid next leſs or next greater tabular number, ac- 
cording as the given number is a ſine, tangent, &c. or a coſine, 
cotangent, &c. noting its degrees and minutes; then the two dif- 
ferences will be the terms of a vulgar fraction of a minute, to be added 
to thoſe minutes, to give the arc required. | 

And this vulgar fraction may alſo, if required, be reduced to a 
decimal by dividing the leſs or numerator by the denominator, or 
brought to ſexageſimals, by multiplying by 60, &c. Alſo where 
the tabular differences are printed, the ſubtraction of the leſs tabular 
number from the greater is ſaved. . 


EK X A MP L E 8. 


1. To find the arc to the natural fine| 2. To find the arc to natural tang. 


„ 5315474. 1432630. 
Anſ. 1 48 28” 12 031547 Next greater - 1435084 
Subtr. 1 48, next leſs 031410 Anſ. 82 g' o“ 24% 1432630 
1350 Next leſs, ſubt. fr. each 1432115 
| 60 575 
Tab. dif. - 2907)8 1960028“ — 
| —_T Tab. difference 2969)3 to” 
23820 — 
23256 1210 
564 — 
60 72600024 
2907)33840(12” | $933. 
| ; 13220 
3. To find the are to logarithm coſine 4. To find the arc to logarithm cot. 
99974974 , 10˙0905447. 


698' - < 9997 39% 4 - - 100905978 
Anſwer6® 8' 42" - — — Anſ. 39412“ 20"! 10·0905442 


95 $37 
60 
Tab, difference 136)5700(42” Tab. difference 2581)31Bbo( 12! 
544 — 
260 $059 
102 
2558 
— 
2581) 3280020 
| 1... 
1660 
The 
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The above method of proportioning by the firſt difference alone, 
can only be true when the other differences are nothing, or very 
ſmall ; but other means muſt be uſed when they are large, viz. for 
the natural tangents and ſecants of very large ares; and for the loga- 
rithmic fines, and verſed fines of ſmall arcs, alſo the log. ſecants of 
large arcs, with the log. tangents and cotangents both of ſmall and 
large arcs. When the log. fine, verſed fine, or tangent of a ſmall 
arc is given, by means of the table of logarithms find the correſpond- 
ing natural number, and then the arc anſwering to it in the table of 
natural fines, &c. But when the log. tangent or ſecant of a large 
arc is propoſed, ſubtract it from 20, the remainder is the log. co- 
tangent or coſine, which will be the log. tangent or ſine of a ſmall 
arc which is the complement of that required, which complement 
will be found as in the laſt remark, by taking the correſponding 
natural number, and finding it in the natural tangents or fines ; 
then ſubtracting that complemental arc from 900, leaves the required 
large arc anſwering to the propoſed log. tangent or ſecant. And 
when the natural tangent or ſecant of a large arc is propoſed, change 
it into the log. tangent or ſecant of the ſame, by taking the log. of 
the propoſed natural number; then proceed with it as above in the 
laſt remark. | 


EXAMPLE S. 


1. To find the arc to natural tangent 2. To find the arc to natural ſecant 
$&* 0000000, | 31*0983333. 
20*0000000 20 O00 
Given 50*0000000its log. 11. 5989700 Given 316983 its log. 11:5010365 
4. - 00 0318474 . + 59555 
2197830 nat tan. of 1 V 0314108 nat, ſine of 1548 
2170 | "mo | 
291001 30200044 | |  2907)81960(28” 
1104 5814 
1380 23820 
2204 23256 
21 64 
60 = 
| et 33840(12”" 
1164 2907 
"Jo 4779 
Hence from '- - - 90? o' o“ Hence from - - go? & ©” of” 
Take the comp. 1 8 44.44 [Take the comp. 1 48 28 12 


Leaves are required 88 51 15 16 [Leaves arc required 88 11 31 48 
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TRIGONOMETRICAL RULES, 


LT 


ſide; to find the reſt. 


N a right-lined triangle, whoſe ſides are A, n, c, and their oppoſite 
angles a, J, e; having given any three of theſe, of which one is a 


- 


Put s for the fine, s the coſine, t the tangent, and t“ the cotangent of an arc or 
ngle, to the radius 7; allo 1 for a logarict.my and 1. its arithmetical complement. 


hen 


Caſe 1. When three ſides a,8,c, are 
given. 


Put rg a T s + c or ſemiperimeter. 
Then . .. 
4 A 
1 ,oo P \ 

And s“ f c N 3 
1. . 4c=4(LP=a + A*). 
se ACT. 144 L 52). 

Note, When a= 8, then 


| C r p 
44 X + Ands Te N 


* 


Caſe 2. Given two ſides 453, and 
their included angle c. 
A —A—_— 
Puts = go%—Zc, and LIEST * 83 
then a=s+6d; and b= $—d, And 


— 24 
* rr 


Or in logarithms, putting 1. T 
2L. A—B, and 1. REL. 2A ＋ L, 23 
+ 2L. s. 4 c=20, 

ve ſhall have 1. Sl. A . 


| If the angle c be right, or ge; 


N 
then t. a = Sr3 th=—r; 
B A 


1. F od 

C = — A, or N f = 4 +87. 
If a =; we ſhall have 
a=b=9g0%*—+c, and 


Caſe 3. When a fide and its oppoſite 
angle are among the terms given. 


en 
r ; 


A B Cc . 
> 3 ant aa}, from which 


equations any term wanted may be 
tound. , 


When an angle, as 4, is 90%, and a and 
Cc are given, then ; 
—— —  — 
B=Va*—C=/aA+CXAa—c, 
And Le B =+ (L, a+c + Ls Toe). 


Note, When two fides A,, and an 
angle a oppoſite to one of them, are 
given; if A be leſs than n, then b, c, 
c have each two values; i 
only one value, 


X 


It. In 


| 
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| . . o ſits 
: ſoheric triangle, whoſe three ſides are A,B, o, and their oppo 
wy angie c; _ three of theſe ſix terms being given, to find the 


Caſe 1. Given the three ſides A, u, c. 
Calliog2»theperim. or y =}. a +B + C- 


P—_—_A XS. PP —B 
Thems. Ic . 
8. A X 8. B 
; „PX. P—C 
And s“ c Æ 


b. AX S. B 2 
1. Ir At- . LL. - ＋ . K.). 
1. 5 (Ls. I. . 7 Ls. a+L's.B). 


And the ſame for the other angles. 


Caſe 2. Given the thtce angles. 
Put 2þ=a+6 +c. Then 
8. 10 * And 


$.4X$ b. p 
ng, Rog Fray 4 
, 4 p—# X g'p—6 
6 1 NV. 8. aX#.b * 
1. 8. Je =[(L.3p+L5F=c+1's. a+1.'s. 5). 
L. $'4 c=E (Ls p—ab+t.sp—b+Ls.a+1L 50%). 
And the ſame for the other fides. 


Note. The ſign < fignifies greater than, 
and leſs; alſo © the difference. | - 


Caſe 3. Given 2 and included an- 
gle Co 
To find an angle @ oppofite the ſide 4, 
728 1 t. A: t. u, like or unlike a, 
a8 c is <or> o; allox=n oo nu: 
then 6. u: 8. M :: t. c: t. a, like or un- 
like cas u is <Or > B. 


or let 1. 3+» 263. AOD :: tert. u, 


whichis> or g is or <180% 
and s. J. ATB: G. am B::t'$c:t.n,<go?. 
then a2 M ＋ &; andb= u—x, 

Again let r: sc :: t. A: t. u, like or 
unlike a as c is < or > 90 and 
N = BOM. 


Then 3M: 8 M :: 80A: 70 like or 


- 1, 8. 4. U. 4 27 8. 6: 8. 3, Sor ꝙ 900 
20d, 


unlike x as c is EZ or 790%. Or, 


& AXS.BXS*Fc. 


mg 


- 1 — 
8.1 0 77 +8* . 405 B, 


— 


In logarithms, put L. Q=2L.$. 14 © n; 
and L. X = L. 8. 4 L L. 8. B + 2 L. 8. 
c- 20; then L 8s. L. Q+R, 


Caſe 4. Given a, 6, and included fide e. 
Firſt, let :8'c :: t. a: tm, like or un- 
like a as c is Sor 9oꝰ alſo x=bu m, 
Then sz: 5% :: t. C: t. a, like or un- 
like as @ is Sor > 90. 

Or, lets f. CY: . 25: t. Ic: t. u, 
> or Seo as 42 ＋ is> or <180?; 
ands. 4 PB: 8. J. a G:: t. Je: t. x, o 
then AguÆN; n= MN. 
Again, let : $'c :: t. 4: tm, like or 
unlike à as c is Sor go?; 

and a =bnm: 
then s. 7: 8. u. :: 8%: 8% like or unlike 
Caſe 5. Given a, 2, and an oppoſite 
angle a. 
Iſt. s. A: 8. 4 :: 8. 8. 5, Sor > 900, 
znd. Let y: 85 :: t. a: t /n, like or unlike 
B as a is < or > 9g0?; | 
and t. 4: t. 5 :: 5%: 8%, like or unlike 
A as 4 is <Or> go; 
then c = Au, two values alſo. 
zdly. Let r: s: t. n: t. u, like or un- 
like v as @is S or > go* ; 
ands's : S'a ::8/M :8'n, like or unlike 
A3$@18 S or & 90: 
then S ux, two values alſo. 
Bur if à be equal to n, or to its ſup- 
plement, or "between n and its ſupple- 
ment; then is b like to : alſo c = 


mn, and g Mu  N, as B is like or 
unlike à. 


Caſe 6. Given a, , and an oppoſite 


ſide a. 


its 


TRIGONOMETRICAL RULES. 


2nd. Let : 5 :: t. 4: t. u, like or un- 
lhe bes a ib <or> go" 
andt.a:t.6:: :8. *, <or> o: 
then 8 — is like or unlike 3. 
zdly. Letr :8'a :: t. 6: %, like or un - 
like 6 as A<or>go®; 
ands'b : 8% :: 8. m: 8. #, <or>9go?; 
then 1 as @ is like or unlike 5. 


But if à be equal to n, or to its ſupple- 

ment, or between B and its ſupplen ent; 
then B is unlike &, and only the leſs va- 
lues of x, a, are poſſible. 


Note, When two ſides 4, 5, and their 
oppoſite angles a, b, are known; the 
third fide o, and its oppoſite angle c, are 
readily found thus: 


„ 14: 5. . 4 +0 :: Z:: t. TX VU t. Z c. 
„r: 3. 4. TB:: t. 3. 0 Bf t. Ic. 


III. In a right-angled ſpheric trian · 
gle, where h is the yum or ſide 
0 ppc ite the aig * angle, n, y the other 
two ſides, — their appoſite an- 
gles; any two of theſe five | — bein 
given, to find the reſt: the caſes with 
o_ ſulutions, are as in the fallowiag 
table, 

The ſame table will alſo ſerve far the 
quadrantal triangle, or that which has 
one fide = 9o®, M being the angle 
poſite that de, B, P the other two an- 

les, and 4, p their oppoſite ſides: 
erving, inſtead of # to take its ſupple- 
ment; and mutually change the terms 


like and wnlite for each other where u 
rs concerned. 
CaſejGiven Req). Pr 7 MES V nog 
* 8 | 6 | $.#; r 28.5 : 8. , and is like B 3 
1 : r 0 2 ts : 8 
B p 1 47. e 
0 2 B ITE 8.5 : 8. 5, Pe? ELD * 
2 T Þ» : 81 nn: r 
| F 12 <or> go? 2 
wm . : r 2:1: 1 : 
} 3 3 b | ro :ts: 3 e . 
S : r 2200 
7+ wot t'y :: 8p 1 90 as B is like or unlikep } 
417 75 8 r ::8.þ:8b, liken 
p P r — 33 yp, like 
Sit H r:$B:;:8? ; 3H, Dor = 90” as J is like or unlike » | | 
5 * b r:8Pp::t's;th, like | 
* 7 7 — .. like p 
Is 72 , Sor > 90 as © is like or unlike 7 [ 
6 3 2. : r % 25%, — 
p | $8.6: r ::8Þ :8s˙ r, like | 
— — — — — — — — j — _— — 
X 2 The 
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TRIGONOMETRICAL RULES. 


The following Propoſitions and Remarks, concerning Spherical 
Triangles, (ſelected and communicated by the Reverend Nevil 


Maſkelyne, b. p. Aſtronomer Royal, an 


r. R. s.), will alſo 


render the Calculation of them perſpicuous, and free from Am- 


biguity, 


& 1, A ſpherical triangle is equi- 
lateral, iſoſcelar, or ſcalene, accord- 
Ing as it has its three angles all equal, 
or two of them equal, or all three 

ual ; and vice wer/a, 
2, The greateſt ſide is always op- 
ow the greateſt angle, and the 
malleſt fide oppoſite the ſmalleſt 
angle. 
3. Any two ſides taken together, 
are gre: ter than the third. 
4. If the three angles are all acute, 
or all right, or all obtuſe; the three 
fides will be, accordingly, all leſs than 
go?, or equal to 90%, or greater thap 
90 and vice verſa. 

5. If from 
the three an- 
gles a, B, e, 
of a triangle 
Ac, as poles, 
there be de- 
ſcribed, u 
the ** 7 
of the ſphere, three arches of a great 
circle px, or, FE, forming by their 
interſections a new | herical triangle 
DEP ; each fide of the new triangle, 
will be the ſupplement of the angle 


acute and the other obtuſe, 


at its pole; and each angle of the 


ſame triangle, will be the ſupplement 

of the fide oppoſite to it in the trians 

gle ABC. | 

6. In any tri- c 

angle ABC, or 

abc, right an» 

Fed in A, ft, 
he angles at the 

hypotenuſeareal- 

ways of the ſame 


kind as their Pp: 

Powe ſides ; 2dly, The bypotenuſe iy 
eſs or greater than a quadrant, ac- 
cording gs the ſides including the 
right aogle, are of the ſame or diffe, 
rent Kinds; that is to ſay, according 
as theſe ſame ſides are either both 
acute or both obtuſe, or as one is 
And 
vice werſa, 1ſt, The fides including 
the right angle, are always of the 
fame kind as their oppofite angles ; 
2dly, The fides including the right 
angle will be of the ſame or different 
kinds, according as the hypotenuſe iz 
leſs or more than 90“; but one at 
leaſt of them will be of 90%, if the 
bypotenuſe is ſo,” Re NY 
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THE CASES OF PLANE TRIANGLES RESOLVED BY | 
LOGARITHMS, 2 


of ſpherical triangles, it is to be 

ſerved, that when we ſay the fine, 
rangent, &c. we mean the logarithmic 
ſine, tangent, &c, as found by the 
&ole, | 


I: this and the following folutions 


C 


8 


Prop. I. Having the angles, and one 
fide ; to find either of the other fides, 


Add the logarithm of the given fide 
to the ſine of the angle oppoſite to the 
fide required, and from the ſum ſub- 
tract the fine of the angle opp ſed to 
the given ſide; the remainder will be 
the logarithm of the {fide required. 
 Exanyhle. In the triangle eb, ha- 
ving the angle cps go?, en g1* 506“, 
pep 38* 4", and the fide Bb 197˙3 to 
find. the fide co, ORs =. 

2*2951271 log. of 197 

9*896 369 fin. of 51585 
121912640 ſum 

97899880 fin, of 38 4 
24012760 log, 2519278 cb req, 


Or you may add the complement of 


the ſine of the angle oppoſed to the 

iven ſide, to the two other logarithme, 
= ſum, (abating radius) is the log- 
arithm of the fade required; as ſhewn 
in art. 3, of Log. Arith. And it is to 
be obſerved, that the complements of 
the (ines in the table are to be found 
in the columns of the coſecants : for 


(paſſog over the firlt unit), the goſe, 


cants of the ſame arcs, are the come 
plemepts of the ſame fines. Alſo the 
complements of the tangents, are the 
cotangents. 
Example. The ſine of 389 , bei 

9˙7899880, the coſecant of 389 4 
10*2100120, which (omitting the firſt 
_-_ ), is the complement of the ſaid 

ne. 


0*2100120 co. of ſin, 380 4* 

2*2951271 log. of 197 3 

9.8951 369 fin. of 519 567 4; 

2:4012760 log. 251"9278, as def, 

But if one fide and the angles of 4 
right-angled triangle be known, and 
you would have the other fide, as in 
the former example, the operation 
will be ealier, thus; 

Add the tangent of the —_ oppo- 
ſite to the ſide required, to the logar- 


ihm of the given fide, the ſum (aba- | 


ting radius) is the logarithm of the fide 
required. : | 
101061489 tang. 51 56" 
2*2951271 log. of 197*'3 ; 
2:4012760 log. 2519278 as bef, 


Prop. II. Having two fides, and an 

angle oppoſite to one of them ; to find 
the other two angles, and the third 
Aide. | a . . 


Add the ſine of the angle given, to 
the logarithm of the fide adjoini 
that angle, and from the ſum tub 

the logarithm of the ſide oppoſite jo 
that angle, or add jts ar. com. t 
remainder or ſum will be the fine of 


- angle oppoſite to the adjoining 


' Example. In the triangle aBc,. 
haviog the fide ac 800, Bc 320, 2 
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the angle ABC 1289 47; to find the 
angles BAC, ACB, and the fide as. 


5*0969100 ar. com. log. 800. 
ago go log. of 320. 
9*8901 369 fin. 1289 4/ 


94981969 fin. 18 21 Bac. 


Having Bac and anc, the angle 
AC® is their complement to 180? viz. 
39 33”; and you may find the fide as 


Prop. III. Having two fides, and 
the angle betwein them ; to find the 
other two angles, and the third fide. 


If the angle included be a right 
angle, add the radius to the logarithm 
df the leſſer fide, and from the ſum 
ſubtraQ the logarithm of the greater 


fide, or add its ar. com. the remainder - 


or ſum will be the tangent of the angle 
oppoſed tothe leſſer fide. L 
Example. In the triangle Bop, ha- 


— ſide nE 197˙3, and CD 251˙93 
to find the angles Bcp, cBn, and the 
| . 


ide cn. 


75987728 ar. com. log. 251˙9 

12.298121 rad. + log. 1973 

98938989 tan. 38® 4” nb. 

But if the angle included be ob ; 
lique ; add the logarithm of the dif- 
ference, of the given ſides to the tan- 

of half the ſum of the unknown 
angles, and from the ſum ſubtract the 
logarithm of the ſum of the given fides, 
or add its complement; the remainder 
or ſum will be the tangent of half their 
difference. 3 8 . 
- Example. In the tri ABC, ha- 
ving the fide AB £62, ve +320, and 
he angle anc 1289 47; to find the an- 


les nac, ac, and the fide ac. 


OF RIGHT-LINED TRIANGLES. 


The ſum of the given ſides is 882, 
and the difference 242, the half ſum of 
the unknown angles is 25® 58%, 

70545314 comp. log. 882 

2*38331 54 log. of 242 

9*0875402 tang. 25 58” 


9'1258870 tang. 7 37 
25 88 
35 ſum, 


- 3 ; 
Angle cas - '- 16 21 dif, 
Theſe 7 37” being added to 2 

8” the bal fum of the angles 4. 

nown, the ſum is 339 35” for the 
greater angle acB, and the fame 9? 
37” being ſubtracted from 25* 58”, the 
remainder is 18? 21” for the leſſer an- 
gle cas. Laſtly, knowing the an» 
gles, and two ſides, the third fide may 
be found by the firſt propoſition, 


Prop. IV. Having the three ſides; 10 
| find any angle. 


Add the three fides together, and 
take half the ſum, and the differences 
betwixt the half ſum and each fide : 
then add the complements of the log · 


Angle ae 


.arithms of the half ſum, and of the 


difference between the balf-ſum and 
the ſide oppoſite-to the angle ſought, 
to the logarithms of the differences of 
the half-ſum and the other fides ; half 
their ſum will be the tangent of half 
the angle required, 

Example, In the triangle anc, 
having the fide as 562, ac 800, and 
BC 320, tofind the angle aBc. 


Ac = 8ooſu =841. , co. 7407520409 
AB = 562]H — Ac=4t «. co. 83872161 
BC 32c|H—ABzZ279 24456042 
ſum 168 — Bc=g21 « + 257168377 
} ſum 841 =# ſum 206243620 

1 10-3 124310 
Whoſe double 128 4“ is the angle 
Ae. 
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THE CASES OF SPHERICAL TRIANGLES RESOLVED 
BY LOGARITHMS. 


angles is to be performed by the 
table of ſines, tangents and ſecants ; 
which we ſhall ſhew by the 28 propo- 
' fitions following ; whereof 16 are of 
right-angled, and 12 are of oblique 
trianges; 


T5 reſolution of ſpherical tri- 


Of the right-angled triangles. 


- 


A 0 


Prop. IL. Having the legs ; to' find 
— 


Add the coſine of one leg, to the 
cofine of the other leg; the ſum, (aba - 
ting radius) is the ». ah of the hypo- 
tenuſe required, I. 

Example. In the right-angled tri- 
angle Ac, having ac 27* 54", and 
Al 30“; to find as the bypote- 
nuſe. 


9-991 1927 coſin. 110 30 
9'94+3371 colin, 27 54 
99375298 colin. 30 AB req. 


Prop. II. Having the two legs ; to 
* either of the prod <a 


Add the fine of the leg next the angle 
ſought, to the cotangent of the other 
leg; the ſum, (abating radius) is the 
cotangent of the angle required. : 

Example. In the right-angled tri- 
angle ABC, having ac 27* 547, and 
pc 11 30”; to find the angle Bac. 
9670180) ſin. next leg 27 54/ 

10*691 5374 cot. opp. leg. 11 30 

303617181 cotan. BAC 23 30 


1 


Prop. III. Having the hypotenuſe, and 
* the anger; to find the other 
angle, 

Add the coſine of the hypotenuſe 
to the tangent of the angle given; the 
ſum, (hating radius) is the cotan- 
gent of the angle required. 

Example. In the 2 tri- 
angle ant, having the hypotenuſe 
AB 30“, and the angle anc 69? 227; 
to find the angle Bac. | 

9*9375306 colin. hyp. as. 30 07 

10*4241896 tang. ave 69 22 

10*3617202 cotan. BAC 23 30 


Prop. IV. Having the r. and 
one of the angles; to the leg next 
the given angle, | 
Add the tangent of the uſe 

to the coſine of the angle given; the 

ſum, (abating radius) is the tangent 
of the leg required. 

rnd th the right-angled tri- 
angle anc, having the hypotenuſe 

AB 30?, and the angle anc 69 22”; to 

find the leg Bc. 

9*7614393 tang, hyp. 45 300 
95479188 cofin. anc 69 22 
9*3084581 tang, BC + 14 30 


Prop. V. Having the hypotenuſe, and 
one of the angles; to find the leg op- 
poſed to the given angle, 


Add the fine of the hypotenuſe to 
the ſine of the angle given ; the ſum, 
(abating radius) is the fine of the leg 
required, | 

Example. In the right-angled tri- 
angle AB, having the hypotenuſe 
AB 30", and the angle sac 23? 30“; 
to fiad the leg Bc. 

9*6989700 fin. hyp. as 30 oo* 

g*6000997 ſin. Bac - 23 30 

9*2990697 fin, Be 11 30 

Prop. 


16 


_ #be angle next it; to find the hypotenuſe. 


* 

Add the t of the given leg, 
do the cofine of the given angle; the 
ſum, (abating — is the cotan- 
ent of the hy potenuſe required. 

Example. fn the 8 trian- 

ABC, having the leg ac 27* 54“, 
and the angle zac 239 300; to find the 
hypotenuſe AB. | 

102761 663 cot. 40 27 54/7 
228523977 col. Bac - 23 30 

10*2385540 cot. byp. a5 30 00 

VII. Having one of the legs 
2 the angle next it; 10 find the 

other leg · 

Add the fine of the leg given to the 
tungent of the angle given; the ſum, 
(abating radius) is the tangept of the 

uired. | Fo 

Example. In the 22 trian- 
gle anc, having the leg ac 27* 54%, 
and the angle zac 23* 30“; to find the 
leg BC. 

9'6701807 fin. ac 27* 547 

96383019 tan. BAC 23 30 
_ 953084826 tan. Bc 11 30 
Prop. VIII. Having one of the legs, 


and the angle next it; to find the 
other angle. 


Add the cofine of the given leg to 


the fine of the given angle; the ſum, 


(abating radius) is the cofine of the 
e required. : 8 
Example. In the right - angled trian- 

le anc, having the leg 30 11 30“, 
and the angle anc 69? 22/; to find the 
angle BAC. 

99911927 coſ. Bc 11* 30“ 
99712084 ſin. apc 69 22 
99624011 col. Bac 23 30 

Prop. IX. Hawing one of the legs, and 

1 angle oppoſed unto it; to find the 

bypotenuſe. 


Add the radivs to the fine of the 
given leg, and from the ſum ſubtrac 


THE RESOLUTION OF 
VI. Having one of the legs, and 


the ſine of the given angle, or add its 
coſecant ; the remainder or ſum is the 
ſine of the wg mages required. 
Example. In the right-angled tri- 
angle anc, having the leg nc 11 30%, 
and the angle Bac 23* 30”; to find the 
hypotenuſe AB. | 


- 9*2996553 fin. ne 11% 30 
0*3993003 col. Bac 23 30 


969895 56 lin; as 30 reqd. 


Prop. X. Having one of the legs, and 
the angle oppoſed unto it; to find the 
other leg. | 
Add the tangent of the given leg, to 

the cotangent of the given angle ; the 

ſum, (abating radius) 1s the ſine of the 
leg required. 

Example. In the right-angled tri- 
angle aBc, having the leg Bc 11* zo“, 
and the angle Bac 23* 30“; to find the 
leg ac. 

93084626 tang. nc 11* 307 

10*3616981 cot. BAc 23 30 

96701607 lin. ac 27 54 


, 


Prop. XI. Having one of the legs, and 
the angle oppoſed unto it; 10 find the 
other angle. 


Add the radius to the coſine of the 
2 angle, and from the ſum ſubtract 
the coſine of the given leg, or add the 
ſecant; the remainder or ſum is the 
ſine of the 13 required. 

Example. In the right-angled tri- 
angle a Bc, having the leg Bc 117 30“, 
and the angle Bac 23* 30/; to find the 
angle ABC. 

9*9623977 cof. Bac 237 300 

o*0088073 ſec. Bc 11 30 


9˙97 12050 fin. apc 69 22 


Prop. XII. Having one of the legs, and 
the hypotenuſe ; to find the angle next 
the given leg. | ? 
Add the tangent of the given leg, to 

the cotangent of the hypotenuſe, the 

ſum (abating radius) is the coſine of 


the angle required. : 
e 185 Example. 


OF SPHERICAL TRIANGLES. 


Example. In the right-angled tri- 
angle Abc, baving the Teg*ac 295 
54', and the hypotenuſe as 30"; to 
tnd the angle Bac. 


9*7 238436 tan. Ac | 27* 54 
10*2385606 cot. aB 30 o 


99624042 coſ. rac 23 30 


Prop. XIII. Having one of the legs, 
and the hypotenuſe ; to find the angie 
oppoſed to the given leg. 


Add the radius to the fine of the 
given leg, and from the ſum ſubtract 
the fine of the hypotenuſe, or add its 
coſecant ; the remainder or ſum will be 
the line of the angle required, 
"Example, In the right-angled tri- 
angle anc, having the leg Bc 11* 30), 
and the Pepin © AB 30%; to find the 
angle Bac. : 

9*2096553 ſin. leg ne 11 30” 

o· 30 10300 colec, hyp. AB 30 00 


9*600685 3 fine of Bac 23 30 


Prop. XIV. Hawing one of the legs, and 
the I potenuſe, to find the other leg. 


Add the radius to the coſine of the 
bypotenuſe, and from the ſum ſubs 
tract the coſine of the given leg, or 
add its ſecant; the remainder or ſum 
is the coſine of the leg required. 

Example, In the right-angled trian- 
gle anc, having the leg Bc 11* 30” 
and the hypotenuſe aB 30*; to find the 
leg ac. 

99375306 coſin. an 30? oo 

o'0:88073 ſec. Bc 11 30 


9*9403379 colin, ac 27 54 


Prop, XV, Having the angles; to find 
the hypotenuſe. 


Add the cotangent of one oblique 
angle to the cotangent of the other 
oblique angle ; the ſum, (abating ra- 
dius) is the coſine of the hypotenuſe 
required. þ 

Example. Tn the right-angled tri- 
angle ABC, having the angle BAC 
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23* 30/, and the angle anc 69? 22"; 
to find the hypotenule AB. 


03616981 cot. Bac 23 304 


9*5758104 cot. 40 69 22 
9*9375085 coſ. hyp. A3 30 oo 


Prop. XVI. Having the angles; to find 


either of the legs. 


Add the radius to the coſine of ei- 
ther oblique angle, and from the ſum 
ſubtract the ſine of the other oblique 
angle, or add its coſecant; the remain- 
der, or ſum will be the cofine of- the 
leg oppoſite to the angle, whoſe coſine 
was taken. 

Example. In the right-angled tri- 
angle Ac, having the angle Bac 
239 zol, aud the angle 4c 69? 227; 
to find the leg Bc. 


9*3623977 colin. BAC 23? 300 
0*0287916 coſec. apc 69 22 


93911893 coſin. Be 11 30 
Of Oblique Triangles. 
| V 


8 P 
Prop. XVII. Having the three fides, to 
find any of the angles, 

Add the three ſides, and take half 


the ſum, and the difference between 


the half ſum and the fide oppoſite to 
the angle ſought. Then add the co- 
ſecants, or the complements of the 
ſines, of the other ſides, to the ſines ot 
the half ſum and of the ſaid differ- 
ence ; half the ſum of theſe four log- 


arithms is the coſine of half the ang 


required, 

Example. In the triangle szp, ha- 
ving the fide 28 40, ys 70%, and 22 
389 30"; to find the angle zys. 

* es 
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s ö © coſec. © 010270142 
Pz==38 30| coſee. 0*2058505 
ZSs= 40 0 fin. 4 ſym 9˙983 3805 
Sum 148 30 lin. dif, 9g*7503579 
zaum 74 15 2) 19:9666031 
25 =42 coſ. 15%47" 99833015 
Diff. 34 15'zys 31 34 required. 


Prop. XVIII. Having the three angles; 
t find any of the ſides, 


Let the angles be changed into 
fides, taking the ſupplement of the 
greater; then the operation will be 
the ſame as in the former propoſition. 


Prop. XIX. Having two angles, and a 
fide oppoſed to one of them ; to find the 
fide oppoſed to the other angle. 


Add the ſine of the fide given to the 
fine of the angle oppoſite to the fide 
required, and from the ſum ſubtrat 
the ſine of the angle oppoſite to the 
ſide given, or its coſecant ; the 
remainder or ſum will be the fine of 
the ſide required. 

Example. In the triangle sz, ba- 
ving the angle, sz 130% 3“ 12”, 
s 72 319 34” 26%, and the fide zs 40% 
to find the fide ys. 
9˙8080675 fin. zs 40 of o“ 
98830294 © gn. 8257 $49 56 "AS... 


0+2808628 3 
p | 1 , 
1165 þ of. 87 2 * 3 


— 


99729842 fin. ps reqd. 70 © © 
See ps. 168 following. 


Prop. XX. Having two angles, and 4 
. fide oppoſed to one of them ; to find the 
fide between the angl-s given. 

Let a perpendicular fall from the 
angle unknown, upon its oppoſite fide: 
then add the coſige of the given angle 
next the given fide, to the tangent of 
the given ſide; the ſum, (ibating ra- 
dius) is the tangent of the firſt arc, 
comprehended between the given an- 
gle next the given ſide, and the ſeg” 
ment of the ſidę where the perpendi- 


cular falls, 


And the ſecond are eomprehended 
between the ſame ſegment and the 
other angle, is to be found thus: 
add the tine of the arc found, to the 
tangent of the given angle next the 
given ſide, and from the ſum ſub. 
tract the tangent of the other angle 
given, or add its cotangent ; the re- 
mainder or ſum will be the ſine of the 
ſecond arc. | 

The ſum or difference of theſe 
two arcs will be the fide required. 

Example, In the triangle 5sze, 
having the angle zs 31* 34' 26”, 
zsP 30* 28* 12”, and the ſide yz 38? 
zo“; to find the ſide 87. 


9:9303781 | . Jo" 35%" 
440 coſ. zrs : 

*g006052 tan. Pz 38 30 0 

9˙8310223 tan. rn iſtare 34 7 30 


97488698] an. br 434 7 
932 f * 30 
97884529 | tan. zrs 43134 
1227 | 2 
0*2301404 0 30 29 » 
2313 oy NE {5 — 48 


9*7079103 ſiv, sx ad are 35 52 30 
add yR 1ſt arc 34 7. 30 
ſum is 8p 70 © © 

See page 168 following, 


But when the perpendicular falls 
out of the triangle, the difference of 
the two arcs will be the ſide required. 


Prop. XXI. Having two angles, and 
a fide ee to one them; to find 
the tbir angle. | 


Let a perpendicular fall from the 
angle unknown, upon its oppoſite 
ſide ; then add the coſine of the given 
ſide to the tangent of the adjacent 
angle ; the ſum, (abating radius) is 
the cotangent of the firſt angle to 
be found, comprebended by the given 
ſide and the perpendicular, 

And the ſecond angle, comprehend- 
ed by the perpendicular and the ſide 
unknown, isto be found thus : add the 
ſine of the angle found, to the coſine of 
the given angle oppolite to the 1 

| Fi 
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ſide, and from the ſum ſubtract the co- 
ſine of the other angle given, or add 
its ſecant ; the remainder or ſum will 
be the fine of the ſecond angle. 

The ſum or difference of theſe two 
angles will be the angle required. 

Example. In the triangle 8ze, 
having the angle zes 319 34 26”, 
zsp 30 28 12”, and the fide yz 380 
30/ ; to find the angle 5ze. 


98935444 colin. yz 38* 30 00 
I 227 F . 


9*6821200 cot. 1ſt rz 64 18 0 
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Now add the ſine of the firſt are 
to the tangent of the given angle, an 
from the ſum ſubtract the ſine of the 
ſecond arc, or add its coſecant ; the re- 
mainder or ſum will be the tangent 
of the angle required. 
Example. In the triangle szr, 
having the fide ez 385 zo", ps 70%, 
and the angle zrs 31* 34 26/7; to find 
the angle xsy. 


ht {coſin. FRE tte 
9:900bog2 tang. PZ 38 30 © 


9˙8310273 tan. PR, iſt are 34 7 30 


99547019 8 64 W taken from ys 70 © © 

| 507 : — 90 leaves sx, zd are 35 52 30 
99353948 = 39 29» 97488698) 22 
pon 594 MET - TM 4 21 ſin ex FL p 30 
*O< 443 . " a 
—_— ſee. ZPS mg of” 97 = tang. 25s 3 34 76 
9*9598447 fin. 24 sx 65 44 21 0*2320011 8 

| han add iſt < yzR 64 18 50 873 coſec. an 5 — 


the ſum is sz 130 3 11 
See page 168 following. 

But when the perpendicular falls 
out of the. triangle, the difference of 
the two angles will be the angle re- 
quired. 


Prop. XXII. Having two fad, and 
p + angle berween . to find ei- 
ther 7 the other angles. 


Let a perpendicular fall from the 
unknown angle, which is not required, 
upon its oppoſite lide : then add the 
coſine of the given angle to the tan- 
gent of the given fide oppolite to the 
angle required; the ſum, (abating 
radius) is the tangent of the firſt arc, 
comprehended between the given an- 
gle and the ſegment of the given tide 
where the perpendicular falls. 

And the ſecond arc is the difference 
of that ſide and the firſt arc, being com- 
prebended between the ſame ſegment 


and the angle required, 


97096270 tan. zs req. 30 28 12 
See page 168 following. 


To find both the unknown angles. 


Add together the coſecant, or the 
complement of the ſine, of half the ſum 
of the given ſides, the five of half their 
Otference, and the corangent of half 
the angle given; the ſum, (abatin 
radius) is the tangent ot hal! the dit 
ference of the angles required, 

Add alſo together the ſecant, or the 
complement of the coſine, of half the 
ſum of the given ſides, the coſine of 
half their differe ce, and the cotan- 
gent of half the angle given; the ſum, 
(abating redius) is the tangent of half 
the !um of the angles required, 

Then add the half difference of the 
angles requiied, to their half ſum, and 


you will bave the greater 2 and 


ſubtract the half - difference from the 
half-ſum, and you will have the lefler 
angle required, the fame as in the 
former operation. 

Y 2 PS. 
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Ps = 70 of Coſec. 4 ſum 0:0906719|Sec. I ſum o 233401 

yz= 38 30 80. diff. N Colin. 1 diff. xe . 

Sum 108 30 Cor. Ezps 10*5486352|Cor.Jzes : 105013343 

Diff. 31 30 T.49%47'30” 100072981 7|T.80* 5/42" 107654178 
Sum 5415 Half ſum of angles required is . 80? 15 42” 
Diff. 15, 45 | Half the difference is 49 47 30 

£ zPs = 31 34.26” | The greater angle sz is 130 3 12 

24 2PsZ15 47 13 | The lefler angle 287 is, as before, . 30 28 12 


Prop. XXIII. Having two fides, and 
the angle between them ; to find the. 
third fide. 


Let a perpendicular fall from either 
of the angles unknown, upon its op- 
poſite fide : then add the coſine of the 
given angle, to the tangent of the ſide 
2 whoſe-end the perpendicular is 
let fall; the ſum (abating radius) is the 
tangent of the firſt arc, comprehended 
between the given angle and the ſeg- 
ment of the ſide where the perpedicu- 
lar falls. 28 
And the ſecond are is the difference 
of that fide and the firſt art, being 
comprehended between the fame ſeg- 
ment and the end of the fide required. 
Now add the coſine of the ſecond 
arc, to the coſine of the fide from 
whoſe end the perpendicular falleth, 
and from the ſum ſubtract the coſine 
of the firſt arc found, or add its ſe- 
cant ; the remainder or ſum will be the 


coſine of the ſide required. 

Example, In the triangle sz, 
baving the fide pz 38* 30“, ys 70%, 
and the angle 278 31* 34” 26”; to find 
the fide 28. | 

319 35 


l colin. 278 3 ” hk 
9*g006052 tang, Pz 38 30 © 


98310273 tan. yx, iſtarc 34 7 30 
a taken from ps 70 o. o 


35 5? 30 


leaves sx, 2d arc 


PIR coſin. * 335 —_— 
5 . * 
9.32579 coſin. yz * 90 0 
0*08202 . 
4285 ſec. FR 3 3 


98842553 Colin, zs req. 40 © © 
See page 168 following. 


Prop. XXIV. Having two fides, and 
the angle ofpoſite to one of them; to 
And the angle oppoſed to the other 


4. 


Add the ſine of the angle given, 
to the ſine of the ſide oppoſite to the 
angle required, and from the ſum ſub 
tract the ſine of the ſide oppoſite to the 
angle given, or add its coſecant; the 
remainder or ſum will be the fine of 
the angle required, 


Example, In the triangle sz 
having the fide ys 70?, 28s 409, and 
the angle sz 130% 3“ 12” ; to find 
the angle zs. 


8838294 499 667.“ 
9 850 $60. ſup. 27 3 ; 5 48 
g9*80%675 fin. zs 490 © © 
040270142 Coſec. ps 70 ©. © 
971899601 fin. zys req. 31 34 26 


Sce page 168 following. 


Prov. XXV. Having two fides, and 
the angle oppoſite to one of them; to 
find the third fide. 


Let a perpendicular fall from the 
angle between the fides given, upon 
its oppoſite fide; then add the coſine 
of the angle given, to the tangent of 
the given fide rext that angle; the 
ſum (abating radius) is the tavgent of 
the firſt arc, comprehended berween 
the given angle and the ſegment of the 
ſide where the | erpeodicular falls. 

Now the 2d arc, comprehended be- 
tween the ſame ſegment, and the end 
of the fide requirer, is to be found 
thus: add the eofine of the firſt arc, 
to the coſine of the given fide oppo- 
lite to the angle given, and —_ 

wm 
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ſum ſubtract the coſine of the other 
given fide, or add its ſecant; the re- 
mainder or ſum will be the coſine of 
the ſecond arc. 

The ſum or difference of theſe two 
arcs will be the fide required. 

Example. In the triangle sze, 
having the ſide pz 389 30/, 32 40%, 
and the angle sz 319 34/ 26/7; to 
find the fide ys. 


959303781 1 35%. 
440 Colin, 872 33 _—_ 

9*g9006052 tang. yz 38 30 0 

9*8310273 tang. vn, iſt are 24 7 30 


99178908 34 8 

428) wn. PA 3% . -30 
938842540 colin. 2 40 © © 
o- 1064556 ſec. yz . 38 30 © 


99086432 coſin. sx, 2darc 35 52 30 
add ys, iſt arc 34 _7 30 
ives vs reg. 70 © © 
See page 108 following. 
But when the perpendicular falls out 


of the triangle, the difference of the 
two arcs will be the fide required. 


Prop. XXVI. Having two fides, and 
the, angle oppoſed to one of them ; to 
find the angle between them. 


Let a perpendicular fall from the 
angle between the ſides given, upon 
it's oppoſite ſide : then add the coſine 


of the given ſide next the given angle, 


to the tangent of that angle ; the ſum 
(abating radius) is the cotangent of 
the firſt angle to be found, compre- 
hended by the given, fide next the an- 
gle given, and by the perpendicular. 

Now the ſecond angle, compre- 
hended by the perpendicular and the 
other given fide, is to be» found thus: 
add the coſine of the firſt angle found, 
to the tangent of the given fide next 
the angle given, and from the ſum 
ſubtract the tangent of the other given 
fide, or add its cotangent ; the re- 
mainder or ſum will be the coſine of 
the ſecond angle to be found. 


165 

The ſum or the difference of the 
firſt and ſecond angles, will be the an« 
gle required. | 

Example, In the triangle sar, 
having the ſide v2 38? 30", 8z 40%, 
and the angle syz 31? 34 26%; to ſind 
the angle sz r. | - 


9'893<444 coſin. 2. 38930” 0 


97884529 31 34 » 
| £579 Jung- er ho » 26 


96821200 cotan. zn, iſt Z 64 18 50 


96368859 g 64 1989 
437 Colin, PZR 1 3 
9˙ 9006052 tang. 2. 38 30 © 


0*0761865 cotan. 2 40 0 © 
96137213 coſin. sz, 2d bg 44 22 


add yz x, 1ſt 4 64 1 90 
gives sz, reg. 130 3 12 


See page 168 following. 


Prop. XXVII. Having two angles, 
and the fide between them; to find 
either of the other fides. 


Let a, perpendicular fall from the 
given angle which is next the fide re- 
quired, upon its oppolite fide : then 
add the coſine of the given ſide to the 
tangent of the given angle oppoſite to 
the fide required ; the ſum. (abati 
radius) is the cotangent of the eri 
angle to be found, comprehended by 
the given ſide and the perpendicular. 

And the ſecond angle is the diffe- 
rence between the firit and the given 
angle next the required fide, — 
comprehended by the perpendicular 
and that ſide. 

Now add the coſine of the firſt an- 
gle fourd to the tangent of the fide 
given, and from the tum ſubtract the 
coſine of the ſecond angle, or add its 
ſecant ; the remainder or ſum will be 
the tangent of the fide required. 

Example. In the triangle szr, 
having the angle sz 31% 34' 26”, 
$zP 1309 3/ 12" and the fide 22 
389 30“; to find the fide 52, 

To 


: : 


98935444 colin, 2 380 300 0% 
7884529 3134 
8 — * 1 . i 26 
9*682 1200 cot. yu, 1ſt < 64 18 50 

| taken from 827 130 3 5 


leaves sax, 2d , 65 44 22 


ans" 1] rn 3 
437 1 
9*g00bog2 tang. yz - 38 30 © 
2 ſec. szRx * 
1028 „ 22 


99238126 tan. sz req. 40 © © 
See page 168 following. 
To find both the unknown fides. 
Add together the coſecant, or the 
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their difference, and the tangent of 
half the given ſide; the ſum (abatin 
radius) is the tangent of half the dig 
ference of the ſides required. 

Add alſo together the ſecant, or 
the complement of the coſine, of half 
the ſum of the given angles, the co- 
fine of half their difference, and the 
tangent of half the given fide; the 
the ſum, (abating radius) is the tan- 
gent of half the ſum of the ſides re- 
quired. 

Then add half the difference of the 
ſides required. io their half ſum, and you 
will have the greater fide ; and ſubtract 


the halfdifference from the halfſum, and 


complement of the ſine, of half the ſum will have the leſſer fide required 
of the angles given, the fine of half ihe than me is — ogticies. ; 
zr 130? 3” 12” []Cofec. 4 ſum 0:0056062]Sec. 3 ſam o 7968 360 
EC 31 34 26 Sia. 4 diff. 9*8793527|Cofin. 4 diff 918148437 
Sum 161 37 38 | Tang. f yz 9:3430936|Tang. f yz 9543936 
Dif. 98 28 46 Tang of 15* g-4280525|Tang.of 55*10*1547733 
q Sum 88 48 49 | Half ſum of the ſides required is. « 55? 
2 Dif. 49 14 23 Half their difference is . . « « + + 15 
Pz 38 30 © The greater ſide sv is - » „ WW 
yz 19 15 © Leſſer fide 5z is, as before 40 


XXVIII. Having tvs angles 
and the fide between them; to find 
the thir 4 angle. 


Let a perpendicular fall from either 
of the — gr_s, upon its oppoſite 
fide: then add the coſine of the fide 

iven to the tangent of the given an- 
gle, from which the perpendicular does 
not fall; the ſum, (abating radius) is 
the cotangent of the firſt angle, com- 
prehended by the given fide and the 


* + rig 
d the ſecond angle is the diffe- 
fence between the firſt and the* given 


angle that the perpendicular fell from, 
being comprehended by the perpendi- 
cular and the fide oppoſite to the 
other angle guns 

Now add the fine of the ſecond 
angle to the coſine of that given angle 
from which the perpendicular did not 
fall, and from the ſum ſubtract the 


ſine of the firſt angle found, or add its 
coſecant ; the remainder or ſum will 


be the coſine of the angle required. 


Example. In the triangle szr- 
having the angle 8ze 1302 3 12. 
SPZ 319 34' 26%, and the fide yz 339 
300; to find the angle ysz, 


9*8935444 colin. yz 38 30 © 
97884870 J rang, Ee 1 34 » 
1227 * +» 26 


9'6821200 cotan.yzr,rſt/.,64 18 50 


taken from szr 130 3 12 
leaves sz, 2d , 6 44 22 
90451773 | coſec. zu 4 04 19 
101 « —lo 
959303781 31 35 
9210 colin, s 22 : — 
9959924 44 
209 ſin. szu 5 6 
9*y354550 colin, sz req. 30 28 © 
See page 168 following. 
| FOR 
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FOR THE USE 
THE 


Prop. I. Having two fides of a ſpbe- 
ric triangle, with the angle between 
them; to find the third fide. 


DD the log. verſed fine of the 
contained angle, and the log. 
lines of the two ſides together; the 
ſum (abating twice the radius) is the 
logarnhm of a number to be found, 
which added to the natural verſed ſine 
of the difference of the two given ſides, 
theſum will be the natural verſed fine 
of the third fide ſought. 

Or when the contained angle is a- 
bove go?, add the log. verſed fine of 
its ſupplement, and the log fines of 
the two ſides together; the ſum 
(abaring twice the radius) is the loga- 
rith of a number to be found, and 
ſubtracted from the natural verſed fine 
of the ſum of the two given ſides, the 
remainder will be the natural verſed 
fine of the third fide ſought. 


Example 1. In the triangle szr, 
having the fide yz 38* 30", ys 750", 
and the angle zrs 31 34 26“; to find 
the fide 28. 
9˙ 170362 5 log. ver. ſine a8 31 34 26 
9˙7941496 log. fine of xz 38 30 0 

9729858 log. fine of yrs 70 © 9 
oo nn log. of the numb. 865960 
Nat. veri. diff. ſides 31* 30 1473598 
Nat. verſ. zs 400 2339558 


Example 2. In the triangle szr, 
haying the fide yz 36 30, 2c de, and 


OF THE VERSED SINES 
FOLLOWING PROPOSITIONS. 
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MAY BE ALSO ADDED 


the angle szr 330? 3 12”; to find the 
fide PS. 


The angle vze is the ſupplement 


of szr. 


95520590 log. verſ. var 49? 56' 487 

9*7941496 log. fin. yz 38 30 0 

9*8080675 log. fin, zs 40 0 

N 542701 log. of the number 1426514 
at, verſ. ſum ſides 78? 30” 


8006328 
Nat. verſ. PS 70⁰ * . 857555 


This propoſition may be very uſeful 
in finding the diſtances of places on 
the earth, whoſe longitudes, and lati- 
tudes are known; the diſtances of 
ſtars, whoſe declinations and right aſ- 
cenſions, or longitudes and 1 
are known ; and conſequently the al- 
tirudes, or common altitude of two ſtars, 
or two altitudes of the ſun, and time 
between the obſervations, or difference 
of azimuth, being taken, the latitude 
of the place may readily be found, 


Prop. II. Having two angles of a 
ſpheric t-iangle, and the fide between 
them; to find. the third angle. 


Let the angles be changed into ſides, 
and the ſide _—_ —_ then do as 
in the former propoſition, and the re- 
ſult will be the ſupplement of the third 
angle. But if one of the given angles 
exceed 900, take its ſupplement, and 
the reſult will be the third aogle. 6 
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The following remarks and directions, for rendering the propor- 
tional part of a logarithm always additive, and for uſing t, 
e—t, &c, for or c &c. in the foregoing propoſitions, 20, 21, 
22, 23, 25, 26, 27, 28, were communicated by the Rev. Nevil 
Maſkelyne, vb. p. aſtronomer royal, and r. R. s. the fourth caſe 
having been invented by him many years ſince, and delivered 
to the computors of the Nautical Ephemeris, as precepts neceſ- 

ſary in computing the moon's diſtances from the ſtars in ſome 
oofin, and the reſt he has now added upon this occaſion. 


„ The reſult of trigonometrical calculations, will be ſometimes 
inaccurate, owing to the logarithms not being carried to a greater 
number of places in the table, as will ſufficiently appear from the 
logarithmic differences being ſmall. This will happen where the 
anſwer comes out in the coſine of a very ſmall angle, or the fine of 
an angle near 90. The irregularity of the logarithmic differences. 
of the fines, tangents, and cotangents of ſmall arcs, and the coſines, 
tangents, and cotangents of arcs near 90%, will ſometimes affect 

the accuracy of the reſult, unleſs allowance be made for ſecond 

differences &c.— In oblique * ſpherical triangles, put t, t“, 
s, & for the tangent, cotangent, fine, and coſine of the iſt arc or 
angle mentioned in the foregoing propoſitions, then in the ad part 
of the work, 

In prop. 20, if the firſt arc is very ſmall, for s uſe ct 
5 8 angle is very ſmall, for s uſe c-t" 


22 - - arc is very ſmall, for s uſe c. 

| 23 -.- are is near 90, for ufe t—8 

26s are is near 905, for c uſe —t 

2 5 26 angle is near 909, for c uſe s ＋t' 
27 —angte is near go), for c uſe st“ 

28 - = angle is very ſmall, for -s uſe t -c 


This at the ſame time obviates the neceſſity of finding the firſt are to 
a very minute exactneſs, and of allowing for ſecond differences &c, 
which otherwiſe would be neceſſary in taking out the fine or coſine 
of the ſame arc in the ſecond part of the work. | 
Where the foregoing precepts direct to ſubtract a fine or coſine, 
it will be readier in practice to add a coſecant or ſecant ; and where 
they direct to ſubtract a tangent (which is done in prop. 26) it will 
be readier to add a cotangent. This method being uſed if it be 
required to find the logarithmic fines &c, to the exactneſs of a ſe. 
cond, and the logarithm is increaſing (as in the ſines, tangents, and 
ſecants) write down the logarithm for the degree and minute with- 
out the ſeconds; and alſo write down the proportional part for the 
Jeconds ; but, if the logarithm is decreaſing (as in the coſines, 
cotangents, and coſecants) write down the logarithm for the next 
eater minute, and alſo write down the proportional part for the 
— of the ſeconds to 60; and proceed in like * 
Wi 
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with every logarithmic ſine, coſine, &c. uſed in the work; the ſum 
of all the logarithms (abating one or two radii or tens in the index, 
according as 2 or 3 logarithmic fines &c are uſed in the part of the 
work in queſtion) will be the logarithmic fine, coſine, tangent, or 
cotangent required, gay, 
Ex. 1. To find the log. fine of 34 17 24 
Here log. fine of 34* 17 97507287 
And as 60:24 or as 10:4:!1853:- - 741 
i | 9*7505028 
Ex. 2. To find the log. coſ. of 55 42“ 36” 
Log. cof, of 55* 43” - - - 97507287 
„ - 741 
9750808 


Ex. 3. In the triangle yLs, given 
P == 20? 30” 48” 
Ps =85 3 40 
PL =89 10 © 


to find Ls by prop. 23; 
$D being perp. PL» 


p 20% 31 06. » 99715494 


* + =I2 =» - = =- = 
r e, coſ. found by | 
* + 49 - = - - g814 > taking 3 89349686 
for 2d diff. —5 } from {ine 'q 
pD 84 43 43 tan. 1103496538 + - - - - - - 110349658 
PL 89 10 0 coſec. o 84* 44 - 1040018374 
o 4 260 17 | —17 - - 33 
, 4 f colin. oo 4 27 4 - 79986888 
„„ A . 
colin Ls 20 53 24 » » 997094709 
Nere, to avoid the trouble of 2d differences, the coſine of rs is 
found by ſubtracting the tangent of it (already found) from the 
ſine, which is eaſily found, becauſe the differences are ſmall: And, 
for the ſame reaſon, the ſum of the tangent and coſecant of Pn, are 
uſed inſtead of its ſecant. | 
N.B. The perpendicular ſhould always be let fall from the end 
of the ſide, Ps or PL, which differs moſt from 90%, over or under.“ 


75 
OF THE TRAVERSE TABLE. | 2 73 


HIS traverſe table, or table of if the minutes of latitude and depar- 
difference of latitude and de- ture anſwering to the courſe be in- 
parture, in page, 338 & 339, is ſo creaſed in the ſame proportion; fo 
contrived, as to have the whole in one that if the diſtance conſiſts of two fig- 
view, and is ſo plainly titled as to nificant figures, the difference of la- 
want little 'or no explication. titude, and the departure, is each to N 
The diſtances 1, 2, 3, &c. at the be taken out at twice; and if of three 
top and bottom, — accounted figures, at thrice, FA 
10, 20, 30 &c, the 10 as 100, | 
2 The 
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The chief deſign of this table is 
for the ready and exact working of 
traverſes ; but it may allo be applied 
to the ſ lution of the ſeveral caſes of 
plain failing, and to ſome other uſes, 


Prop. I. Having the courſe and diſ⸗ 


tance, to find the difference of lati- 
titude and departure. 


Seek the courſe on the left-hand 
of both pages downwards, if leſs than 
four points, or 45 degrees; or if 
greater, on the right hand upwards ; 
and even with it 1n the double column, 
ſigned at the top and bottom with the 
diſtance, is found both the difference 
of latitude and the departure. 


Example 1. A ſhip fails s 8 wi w 
37 miles ; the difference of latitude, 
and the departure are required. 

Find the courſe 2} points on the 
left-hand fide of each paye, and even 
with it in the double columns figned 
3, and 7, the two figures of the diſ- 
tance, the difference of latitude for 
30 is 25*732, and for 7 is 6*004 ; 
the ſum is 31-736 for the whole dif- 
ference of latitude; and the depar- 
ture for 30 is 15*423, and for 7 is 
3*599, the ſum is 19022 for the 
w 


ole departure. 
Thus, Dif. Diff. Lat. Dep. 
30 +++» + 20'73TZ»» I5*423 
7 + ++ + « 0004 » 3599 
- 37 miles 31*736 . .19"022 


Example 2. A ſhip ſails s 2 49? 
148 miles ; the difference of latitude 
and the departure are required. 


Find the courſe 49 degrees on the 
right-hand fide of each page, and 
even with it in the double columns 
ſigned 10, 4, and 8, the difference of 
| latitude at 100 miles is 65:606, at 40 

is 26*242, and at 8 is 5*248;the ſum 
is 97-096 for the whole difference of 
latitude. And the departure at 100 


miles is 75471, at 49 is 30'188, and 


USE OP 


s 


THE 


at 8 is 6038 ; the ſum is 111469 
for the whole departure. Thus, 


Di. Dif Lat. Depart, 
IOO +++ + 0 5*606 . . 4 + 75*471 
40 +. + . » « 20*242 « + + » 30188 


$..+0++ $343... 690 
148 miles. 97*096 . « + 111697 


Prop. II. Having /everal courſes and 
diflances, to find the diffcrence of 
latitude, and the departure. 


Make a table in the followin 
manner, and put therein each courſe 
and diüance; then find the diffe, 
rence of latiude and departure to 
each courſe by the preceding, and 
place them in the proper column; the 
difference of the ſums of the northin 
and ſouthings, is the whole dige. 
rence of latitude; and the difference 
of the ſums of the eaſtings and weſt» 
ings, 1s the whole departure. 


Example. A ſhip from the latitude 
of 50* north, ſails according to the 
courſes and diſtances ſet in the tra- 
yerſe table; the difference of latitude, 
and the departure are found at the 
bottom, "> 


9 20292 
N * UH 9 
04a 
N 7 5 8 8 65 5 
222222 
88 818 
8 88380 
| 7 n 
212 *| 8 I 
7 8 © 2| A 
R — ay —4 - * 
— S S NN. 2 
I el 
288K 8288] 
ELISA 
P | I * bi 
2 uy _ = =_ 
31 DB Eel} & 
By $1 Saran 
= : a 4 * 
— 2 
83386383822 [s|5} 
Je Jai! 
r 7 * Wass 
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TRAVERSE TABLE. 


This propoſition may be applied 
in the ſurveying of large tracts of laud, 
as a county; &c. and was made uſe of 
by Mr. Norwood in meaſuring the 
diſtance from York to London, as the 
road led him, and obſerving the ſeveral 
bearings by his circumferentor, and 
finding by ſuch a table bis ſeveral dit- 


ferences of latitude, and departures,” 


whereby he obtained che diſtance be- 
tween the parallels of London and 
York pretty near the truth, ſo long 
ago as the year 1635 : as may be ſeen 
in his Seaman's Practice. 

Alſo in plotting the ſurvey of a 
county thus taken, the cirevit ſtation- 
lines, though contiſting of many hun- 
dreds, may be reduced to a few for 
the firſt cloſing, and the like for the 
intermediates of each line firſt ploit- 
ed, whereby every ſtation may per- 
haps be more truly placed than by any 
other method : the diſtances in the 
table may be chains of 66, or 100 feet 
as well as miles, or any other meaſure 
that the difference: of latitude and de- 
parture would be had in. 


Prop. III. Having the difference of 
latitude, and the departure; to find 
the courſe and diftance. 


Seek the given difference of latitude 
and departure, taken together, in their 
columns, or the neareſt numbers to 
them; and the courſe is even there- 
with at the fide, and the diſtance at 
the top and bottom: but if the given 
difference of latitude and departure 
cannot be found nearly, take 2, 4, 
&c. part, or any” equal multiple of 
them that can be found ; then the 
courſe is even with them at the fide, 
and ſuch a part of the diſtance, as was 
taken of the difference of latitude and 
departure, at the top and bottom. 


Example. 1. Given the difference 
of latitude 59 miles s; and the de- 
parture 68 miles w ; the courſe and 
diſtance are required. 

In the double column over g, even 
with 49 at the right-hand fide, is found 
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together the given difference of latirude 
and departure ; therefore the courſe is 
49? s w, and the diſtance go miles 


Example 2. Given the difference of 
latitudes 30 miles u, and the depar- 
ture 18 miles 3; the courſe and diſ- 
tance are required, _ 

Here the given difference of lati- 
tudes and departure, or any numbers 
near them, are not to be found toge- 
ther in the table, therefore taking 3 os 
the double of each, the courſe is found 
to be 31* x E, and the diſtance 35 
miles. ; 
Note. A table computed to every 
mile in the diſtance up to à 100 miles, 
would more readily ſolve this eaam- 


ple. 


Prop, IV. Having the departure and 
middle latitude ; to find the difference 
of longitude, according to the method 
uſed W. Jones, Eg; r. x. s. 


Seek the given departure, or the 
next leſs number in the columns ſigned 
lat. even with the given middle latitude 
ſound among the courſer, and at the 
top and bottom (ſigned diff.) is the 
difference of longitude ſought ; which 
if not found direttly at once, may be 
taken out at twice or thrice, 


Example 1. Being yeſterday noon 
in the latitude of 37* 17 M, and this 
day noon in 38* 43” *, and by the 
table the departure is found 70-921 t; 
the difference of longituce is required. 

In the column figned lat. under 9, 
even with 38", the middle latitude, is 
found 7921; therefore 9o miles is 
the difference of longitude ſought, 


Example 2. Being yeſterday noon in 
latitude 46* 25” v, and this 6ay at noon 
in 47 35 N, ſo that the middle lati- 
rude is 47? N, and the departure is 
found 112453 miles w ; required the 
difference ot longitude ? 

In the column figned lat. over 10 
at ihe bottom, even with 4 at the 


Z 2 right» 


* 
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right-hand ſide, is 6· 8 200; therefore 
ſubducting 68 200 from 1.12*53, the 
remainder is 44*33 ; then over 6 is 
4*0920, and 4092 ſubdued from 
44˙33 leaves 3*41, which is found over 
5 ; wherefore the difference of lon- 
gitude is 165 miles weſt, 

If the middle latitude be not an 

even degree, but have odd minutes; 
find the difference of longitude, for 
the even degrees next leſs and greater, 
and add a proportional part of the 
difference between the two reſults to 
the leſſer; the ſum will be the diffe- 
rence of longitude ſought. 
. Suppoſe the middle latitude in the 
laſt example had been 47 20” x; then 
after finding the difference of longi- 
tude as before for 47, find it alſo 
for 48?, which is 168 miles; then 
of the difference being added to 
the former, gives the difference of lon- 
gitude 166 miles weſt. 

Note. Though this methnd is not 
in all caſes near the truth, yet when 
the miles are geographical, it is ſuſſi- 
ciently near for daily practice in any 
voyage, as well as caſy, and very 
expeditious, | 


OF MERCATOR'S 


Prop. V. Having the latitudes and 
longitudes of two places, to find the 
bearing and diſtance. 

Seek the complement of the middle 
latitude among the degrees, and the 
difference of longitude in minutes 
among the diſtances, the departure 
anſwering is found in its proper cq- 
lumn ; then with the difference of 
latitudes and departure, find their bear- 
ing or courſe and diſtance by the third. 

Example. Let the Lizard be given 
in the latitude of 49* 50” *, and 5® 
21 w longitude, and cape Ortegal 
in the latitude of 44 100 x, and 50? 
43" w longitude ; to find the bearing 


and diitance. | 


The difference of longitude is 142; 
and in the columns figned dep. under 
10, 4, and 2, even with 4379 the co- 
middle latitude, are found 68200, 
2*7280, and 13640 ; then increaſing 
the two former as before ſhewn, their 


ſum is 96-844 miles W, for the de- 


parture ; and the bcaring, or courſe, 
anſwering to 340 miles UiFerence of 
latitude, with Kun departure, is 
found about 16* 5s w ; and the di- 
tance about 354 miles. 


— 


OF MERCATOR'S SAILING. a 


HE uſes of the table of meridional parts are fully ſupplied by 


N the table of logarithmic tangents, as is demonſtrated in No 21 
of the Philoſophical Tranſactions. It is there proved, iſt. That the 
meridional line, or ſcale of Mercator's Chart, is a ſcale of the log. 
tangents of the half complements of the latitudes. 2dly. That ſuch 
log. tangents of Mr. Briggs's form, are a ſcale of the differences of 
Jongitude, upon the rumb which makes an angle of 51 3809“ with 
the meridian, And 3dly. That the differences of longitude, on 
different rumbs, are to one another as the tangents of the angles of 
thoſe rumbs with the meridian. | 
Hence it follows, that the difference of the log. tangents of the half 
complements of the latitudes, is to the difference of Jongitude a ſhip 
makes in failing on any rumb from the one latitude to the other, as the 
tangent of 51 55 9” (whoſe logarithm is 101015 104) to the tangent 
of the angle of the rumb or courſe with the meridian ; ſo that: 
I. If two latitudes, and the difference of longitude be given, the 
courſe and diſtance are readily determined by this rule, * 
a : A 
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Take, by help of the tables, the difference of the log. tangents of 
the half complements of the latitudes, eſteeming the laſt three figures 
to be a decimal fraction; and add the complement of its logarithm to 
the logarithm of the difference of -longitude reduced to minutes, and 
the conſtant log. 10'1015104; the ſum (abating radius) ſhall be the 
log. tangent of the courſe. And to the log, ſecant of the courſe, add 
the logarithm of the difference of latitude reduced to minutes, the ſum 
(abating radius) ſhall be the logarithm of the diſtance in minutes, 

Example. Given the Lizard to be in latitude 49® 55 N, Barbadoes 
in 139 107 N, and their difference of longitude 53 00”, or 3180" u- 
to find the courſe and diſtance, 

1 Co lat 6 38⁰ 250 1. tan. 918993082 l. 3180“ = 3*502427xz 
8 * ULizard 20 24 l. tan. 915620477 conſt. log. 10 101 8104 
diff. 3372505 its co. log, 57472037 
Log. tang. of the courſe 49* 59“ 10” uw. 19.2222 
Log. ſec. of the courſe 49 59 10 TS SEATES.. 
Log. of 22050 diff. of the latitudes. . . . . . . 444485 
Log. of 3429*378 diſtance of Barbadoes from the Lizard . . 375352153 


II. If two Jatitudes and the courſe be given, the difference of lon- 
gitude is obtained with the ſame eaſe : 2 as the tangent of 51* 28” 
9” is to the tangent of the courſe, ſo is the difference of the log. 
tangents of the half complements of the latitudes, to the difference 
of longitude ſought. Wherefore to the complement of the conſtant 
log. 101015104, add the log. of the difference of the log. tangents 
of the half complements of the Jatitudes, and the log. tangent of the 
courſe, the ſum (abating radius) will be the log. of the difference of 
longitude in minutes. 
2 Given the latitudes 49? 55” and 13 10%, and courſe 
49 59” 10”, to find the difference of longitude, 
Lat. 13* 107, its I co lat. 38* 25” J. tan. 9 8993082 
Lat. 49 858 20 24 l. tan. 95620477 co. conſt. log.: 8984896 
diff. 3372005 its log. 36279664 
Log. tang. of the courſe 497 59 1). 10079721 
Log. of 3180“ = 53* for diff. of longitude, . . . . . , - JFcozqz7t 
By this rule, having two good obſervations of the latitude, and the 
courſe duly ſteered, the reckoning of a ſhip's way is beſt aſcertained, 
eſpecially if you ſai] near the meridian, 
III. If the latitude departed from, the courſe ſteered, and diſtance 
2 be given; to find the ſhip's latitude, and difference of lon- 
itude. 
1 Firſt, the latitude is obtained from the conſideration that the diſtance 
is to the difference of latitude, as radius to the coſine of the courſe, 
which is common to plain ſailing. Therefore to the log. of the diſtance 
add the log. coſine of the courſe, the ſum (abating radius) is the log. 
of the difference of latitudes; which difference added to the leſſer la- 
titude, or ſubtracted from the greater, the ſum or remainder is the 
preſent latitude : then having the two latitudes, and the courſe, the 
difference of longitude is found by the ſecond, 


Example. 
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Example. Having failed from the Lizard, in lat. 49* 55” K, on 4 
courſe 49? 59 10” fouth-weſterly 3429: 378 miles: required what lon- 
gitude and latitude the ſhip is found in. | : 

Log. of 3429378 the diftance ſailed ., . . « «+ « » 36352163 
coſine of 49 59 10“ the courſe - + + 2 2981973 
Log. of 2205", or 36* 45” diff. of the latitudes «. «+ . « « +» 33434086 
Now ſubtracting 36* 45 from 49% 55“, the remainder 13 107 x. is the 
latitude the ſhip is found in. | 

By which latitude, now known, the difference of log. tangents will 
be found 3372 605, and the further proceſs in nothing differing from 
the ſecond rule, whereby the difference of longitude will be found 

oo. | 

Thus the dead reckoning by the log. line, and daily account of a 
— * way, are duly kept, and the trouble very little more than by plain 

ing. 

Theſe are all the caſes that occur in practice; the reſt, that are 
moſtly ſpeculative, are either eaſily reducible to theſe, or elſe not to be 
performed by logarithms, and therefore come not at preſent under our 

IZANCE, - 

ut it is to be noted, that both the complements of the latitudes 
are to beeſtimated from the ſame pole of the world ; which may be from 
either; and therefore if one latitude be u, and the other s, to have 
their complements, you muſt add go? to one of them, and ſubtract 
the other from go, and then the operation will be the ſame as in the 
preceding caſes. ; 

Example. Given St. Jago, one of the Cape de Verd iſlands, in the 
latitude of 14 59' N; and the iſland St. Helena, in latitude 15˙ 
45 8, and their difference of longitude 30? 12'E; to find the courſe 
and diſtance. | 

St. Ja 29 28” I. tan. 1011 L 18127 43*2581582 

200 lat. {5 + oF ' - . (nn, 3 conſt. log 2 
2354'120 its co. log. 6 6281714 

Log. tang. of the courſe 44® 11' 53” 55 22878400 
ſec. of the courſe 44 11 33 141677445200 
Log. of 1841 diff. of the latitudes „„ 
Log. of 2567 ˙875 diſtance of St. Helena from St. Jago * 34095738 


Or if it be thought eaſier, when one latitude is , and the other s, 
you may add w to each of them, the ſum of the log. tangents of 
their halves (abating twice the radius) will be the ſame as the differ- 
ence of the log. tangents of the former. For an example take the 
ſame latitudes as in the preceding. 

149 c6'=1049 86675 29 28' |. tan. 10'114496 
Then go*+{ | I =105 4 e half} 821 |. tan. ITE 
The ſam (abating twice the radius) equal to the former diſtance 2354120 

Alſo when both latitudes are of the ſame name, that is both & or 
both s, you may add go? to each of them, the difference of the log. 
tangents of half theſe ſums, will be the ſame as of the log. tangents 
of half the complements of thoſe latitudes, Af 
| OF 


CIRCULAR ARCY, L 


or THE TABLE FOR THE LENGHTS OF CIRCULAR 
ARCS, 


HIS is table 12, and conſtitutes page 340. It contains the 
lengths of every ſingle degree up to 180, and of every minute, 
ſecond, and third, each up to 60. The form of it is obvious, the 
length of each degree, minute, ſecond, or third, immediately follow- 
ing it on the ſame line in the next column, And the two following ex- 
amples will ſhew the uſe of the table, | 


Ex. 1. To find the length of an arc of Fx, 2. To ſiod the degrees, mi- 


? wil 44 48". 

Take = — * reſpective co» 
lumos the lengths anſwering to each 
of theſe numbers fingly, and add them 
all together, thus: . 


29 © '» 09948377 


* . * . 
. = * * 
* . . * 


the ſum or 1 
whole length, and is 
gius, | 


nutes,. &c. in the are 1, which is 
ual to the radius. 
Subtract from it the next lefs tabu: 
lar arc, and from the remainder the 
next Jeſs again, and ſo on till nothing 


ain; and o te the ſeveral num. 
nr 
minutes, &c, thy? | 
Giren length — 
57 * „ „ »„ O* 3 
51623 
17 $4 V8 49451 
2172 
44” e 2133 


SE 438 F< a 


So that the arc equal to 


the radiug 
contains 57 17% 44” 48% | 


COMMON AND HYP. LOGS. 


476 
OF THE TABLE FOR COMPAIRING THE COMMUN AND 
= HYPERBOLIC LOGARITMS. | 

= is table 13, and is the upper part of page 341. It contains 


l the hyperbolic logs. anſwering to the firſt 100 common logs. and 
is very uſeful for ſpeedily changing the one into the other. 


Ex. 1. To find the hyp. log. anſwer- Ex. 2 To find the common log. an- 


ing to the common log. 0'95 42425. 


Beginning at the left hand, and di- 
viding the given number into periods 
of two figures each, including the in- 
dex, take out the hyp. log. to each 
period, omitting 2 figures at the 2d 
period, four at the 3d, and 6 at the 


ſwering to. the hyp. log. 21972246. 


Subtract continually each next leſs, 
tabular hyp, log. from the given num+ 
ber, and from the remainders; and 
the ſeveral common logarithms anſwer. 
ing to theſe tabular hyp. logs. joined 
together, will be the com. log. reqd, 


th: then add them all together, thus: thus; | 

' — 4 hyp. log, 

- com, log, hyp. log. N US, given 9 
09 rea 207232 174 76 09 . 20723226 
66 10  \ 83 1248980 

24 . . 5520 SY * 54 » +» 12 3396 

25 0 n 5584 
99542425 2*1972246 anf, 24 . 28 

| | 55 
4 +.» 8, 


0*9542425 anſw. 


The remaining pages contain the ſmall table of the names and de- 
es, &c. in the points of the compaſs, which needs no illuſtration ; 
nd a copious lift of ſuch errors, with their corrections, as have been 
diſcovered in the principal books of logarithms z among which are many 
that have been detected by myſelf, both in the Avignon edition of Gar- 
diner, and in Gardiner's own quarto edition, which renders this liſt 
more compleat than any former one, and it will be found very ufe- 
ful in correcting thoſe books of tables which are already in the poſ- 
ſeſſion of the public. As to all the editions of Sherwin's tables in 
octavo, the errors in them, amounting to many thouſands, are far tos 
numerous to be printed in this work. : 


TABLE 


T AB LE I. 
CONTAINING TRE 
LO GARIT HMS 
OF ALL NUMBERS, 


From 1 to 100000, 


[41 


n 


———— — — _ — 


W. 


a) Numb. 1 to 100, and 
their Log. with Indices. 


LoGARITHMS 


|5 © ww al + w 82 — 


9 


0.0000000] 
o. 30 10300 
O. 4771213 
o. 60 20600 
0.528970 
9.77815 13 
o. 8450980 
o. 903090 
9.954242 
. 0000000 
0413927 
0791812 
1139437 
1461290 
1760913 
2041 
2304489 
2552725 
2787536 
«3010300, 
3222193 
3424227 
3617278 
3804112 
3979402 5 


5440680 


5563025 
1. 5682017 


1. 6020600 


1.643452 
1.532125 


6127839 
16232493 


4140733 
437 
4971580 
4 2398 o 
4771217 80 
4913617 
5051500 
518513 


5314789 


5797836 
5910546 


633468 5 


16627578 
67 20979 


698970 


6812412 
690 1961 


17075702 
17160033 
1.72427 59 
17323938 
1. 1.7403027 
l. 1.7481880) 
17558749 
17634280 
1.77085 20 
1.77815 13 


4186923 17 


17853298 
17923917 
1.799345 
1.500100 
1.8129134 


1.8195439 
1.8260748 


1.8325089 
1.8388491 
1. 8450980 
1.85 12583 
18573325 
1. 8633229 


1.8750013] 


1.88081 35 
1. 8864907 
1.892094 

l. 8976271, 
1. 90 30900 


Log.. 


851.9294189 


951.9722215 


1.90848 50 
I 9138139 
l 1908“ 
19242793 


1.9344985 
1.939593 
19444827 
1.9493900 
t.9542425 
1.95904 14 
1.9637878 
1.9684829 
1.9731279 


1,.9822712 
1.9867717 
1.9912261 
1.9956352 
2.0000000 


114 


118 
119 


q 


100 
101 
102 
103 
104 
105 
106 
107 
108 


109] 


110 
111 
112 
113 


115 
116 
117 


0043214 


0413927 


Log. 


00000 


oo 86002 
0128372 
0170333 
0211893 
0253039 
0293338 
0334238 
0374205 


0453230 
0492180 
05 30784 
0569049 
0606978 
0644580 
0681859 
0718820 


0755470 


125 


129 


34 


120 
121 
122 


123] 
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131 
132 
133 
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137 
138 
—2 
140 
141 
142 
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145 
146 
147 
148 
140 


0791812 
0827854 
0863598 


0934217 
0909100 
1003705 
1038037 
1072100 
1105897 
1139434 
1172713 
1205739 
1238516 
1271048 
1303338 
1335389 
1367206 
1398791 
1430148 
1461280 


1522883 
155.3360 
1583625 
1013680 
1643529 
1673173 
1702617 
1731863 


Log. 


N. 


Log. 
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— — 


N. 
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155] 
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157 
158 
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160 


161 
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168 
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170 
171 
172 
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175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 


Log. 


1700913 
1789709 
1818436 
1846914 
1875207 
1903317 
1931246 
1953997 
1986571 
201397 1 
2041200 
2068259 
2095150 
2121870 
2148438 
2174839 
2201081 
3337 105 
2253093 
[2278867 
2304489 
2329901 
2355284 
238c461 


2430350 
2455127 
2479733 
2504200 
2528530 
2552725 
2576786 
2000714 
2624511 
2648178 


2071717 
2695129) 
2718416, 
2741578 
2764618 
2787530 
2810334 
2833 12 


2855573 
2878017 


2405492 


2900346 
2922561 
2944662 
296665 2 


N. Log. 


29885 31) 


N. 100 L. oo! 


N. 


2043090302 


3201463 


3283796 
214304138 


Log. 
3010300 
3031961 
3053514 
307496 


3117539 
3138672 
3159703 
318063 3]. 


3222193 
3242825 


3263359 


3324385 
3344538 
3364597 
3384565 
340444 1 


3443923 
3483049 


3424227 
3463530 


S2013502420 


3521825 
354084 
3560259, 
3579348 
2293597556) 
13017278 

3636125 

365488 

3673559 
3692159 


— 


371067 
372912 
3747483 


81376577 


23913783979 


3802112 
382017 
383515 
3856063 
24403873898 
[3891661 
3999351 
3926970 
3944517 
3961993 


Log. 


* 


_— 


OF NUMBERS. 
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273 


275 
(27G 
277 
278 
219 


4065402 


(4297523 


274,4377506 


3979490 
3990737 
4014005 
4031205 
4048337 


4082400 
1099331 
4116197 
432928 


1149733 
4106405 
4183013 
1199557 


4232459 
4240816 
205113 


4281348 


4313038 
4329093 
+345089 
4361026 


+393327 
4499091 
4424798 
+440448 
4456042 


281 
282 
283 
1284 
285 
280 
287 
ö 288 
289 
290 
291 
292 
293 
294 
295 
296 
297 
298 
299 


28014471580 


4487003 
4502491 
45178604 
4533183 
4548440 
4563660 
4578819 
1593925 
4008978 
4623980 
4538930 
4653829 
4658676 
583473 
4698220 
4712917 
4727504 
4742163 
4756712 


{N. 


Log. 


4216039] | 


2 


1 


178566; 


4828736 


.- x 


5024271 


Log. 
1771215 


4800069 
4814426 


1842998 
4857214 
4871384 
4885507 
4899885 
4913017 
4927604 
4941540 
4955443 
4909290 
49831006 
4990871 
5010593 


5937907 
5051500 
5065050 
5078559 
5092025 
5105450 
5118834 
5132176 
5145478 
5158738 


329.8171979 


5185139 
5198380 
9211381 
5224442 
5237405 


5250448 
5263393 
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5289107 


5314789 
5327544 
5340261 
5382941 


5378191 
5390701 
5493295 
5415792 


_ Y 
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N. 


915425254}. 
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351 
352 
353 
354 
355 
356 
357 
358 
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Log. 


5440080 
$45 3071 
54654 
5477747 


5499033 


5502284 
5514500 


5526082 


5538830 
5550944 


5563025 


$575072 
5587086 


5599066 


5611014} 
5622929 


5740313 


5751878 
5763414 
5774918 


5786392 


5797836 


5809250 


5820634 
5831988 
5843312 
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5865873 
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5888317 
5899496 


5910646 


5921768 
5932861 
5943926 
5954962 


$905971 
5976952 


N. 


Log. | 
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406 
407 
408 
429 
410 
411 
412 
413 


41416 
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417 
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42J 
422 


1423 


424 
425 
426 
427 
428 
429 
430 
431 
432 
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$34 


6117233 


6263404 
6273059 
0283889 
6294096 


0324573 
6344773 


6364879 
6374897 


a Ei dd 


6053050 
6063814 
00745509 
6085 260 


6095944 
6106602 


0127839 
6138418 
6148972 
6159501 
170003 
6180481 
0190933 
6201361 
6211763 
6222140 
0232493 
0242821 
6253125 


9304279 
0314438 


0334085| 
6354837 


435 
436 
137 
438 
439 


0404814 


0384893 
6394865 


6414741 
6424045 


440 
441 
442 
443 
444 
445 
446 
447 
448 
149 


0473830 


0434527 
6444380 
6454223 
6464037 


6483600 
6493349 
6503075 
6512780 
6522463 


N. 


— 


8188 
65801144 


5532125 
6541765 
5551384 
6560982 


0589648 
6599162 
5608655 


6618127 


5027978 
56370 
664642 
665 581 
6665180 
661385 
3859 
669316 


6702459 
6711728 


474(0757783 


129803385 


6848454 


50857417 
6806363 


76875 290 


0720979] 
6730209 


0739420 
6748611 


6760936] 
6776070} 
6785184} 
6794279 


0312412 
6821451 


6839471 


6884198 
6893089] 
6901961 


68 304700 


* 


4) 


'LocanrrtTHMS 


| 


Log. 


Log. 


6989700 
6998377 
7007037 
7015680 


$04/7024305| 


7032914 
7041505 
7050080 
7058637 
7067178 


7075702 
7084209 
7092700 
7101174 


7109631 


7118072 
7126497 
7134905 
7143298 
7151674 


7100033 


7168377 
7176705 
7185017 
7193313 


201593 
7209857 
7218106 
7226339 


7242759 
7250945 
7259116 
7207272 
7275413 


7234557 


7283538 
7291648 


7307823 
7315888 


7299743 


7403027 
7411516 
7419391 
7427251 
7435098 


N. 


Log. | 


7442930 
7450748 
7458552 
7406342 
7474118 


7497303 
7505084 
7512791 


7528164 
7535831 
7543483 


7558749 
7566361 
7573900 
7581540 
7589119 
7596678 
7604225 
7611758 
7619278 
7626786 


7641761 


7649230 
7656686 


7671559 
7678976 
7686381 
7693773 


7323938 
7331973 
7339993 


7347998 


355989 


7371926 
7379873 


1½7387805⁵ 


1395723 


N, Log, | 


7363905 


7708520 
7715875 
7723217 
7730547 
7737864 
7745170 
7752403 
7759743 
7767012 
7774268 


7481880 
7489629]. 


7520484 


7551123 


7634280] 


7064128 


7701153 


Log. 


7781513 
7758745 
7795965 
7803173 
7810369 
7517554 
7824726 
7831887 
7839036 
7846173 
785 3298 
78604 1 2 
7867514 
7874605 
7881684 
7888751 
7895807 
790285 2 
7909885 
7916906 


7923917 
7930916 
7937904 
7944880 


02417951846; 


7958800 


7965743 
797 2675 


7979596 
7986506 


7993405 
8000294 


8007171 
8014037 
8020893 


5027737 
8034571 
8041394 
3048207 


2055009 


8061 800 
8068580 
8075350 
8082110 
8088859 


N. 
650 
651 
652 
653 
554 


655 
656 


Log. 
3129134 
8135810 
8142476 
8149132 


8162413 
8169035 
8175054 
8182259 


8188854 


8195439 
8202015 
8208580 
3215135 
8221681 


564 8228216 


823474: 
8241258 
8247705 
8254261 


8260748 
3267225 
8273693 
8280151 
8286509 


8293038 
8259467 
8305887 
8312297 


8318698 


8325089 
$331471 
8337844 
8344207 
8350561 


8363241 
8369567 
8375884 


8382192 


8388491 
8394750 
8401061 
8407332 
8413595 


8095597 
8102325 
8109043 
8115750 
8122447 


Log. 


8419848 
8426092 
8432328 
8438554 
8444772 


Log. 


8155777] [704 


8512583 


3494194 
8500333 
8506462 


85 18696 
85 24800 
530895 
85 36982 


$5 43060 
3549130 
8555192 
8561244 
*567289 


8573325 
8579353 
8585372 
8591383 
8597386 


8603380 


8609366 


8615344 
8621314 


8627275 


8356906 


729 


732 
733 
734 


730 8033229 
73108639174 


8645111 
8651040 
8656961 


8662873 


735 


737 
738 
739 
740 
741 
742 
743 
744 
745 
746 
74} 
748 
749 


736888778 


8674675 
8680564 
8686444 
8692317 
8698182 
8704039 
8709888 
8715729 
8721503 
8727388 
8733206 
8739016 
8744815 


N. 


Log. 


N.750L.& © 


OF NUMBER 


Gl 


N. 


— 


750 
751 
752 
753 
754 


Log. 
875c613 


8756399 


8762178 
8707950 
82 3212 


755 
756 
757 


8779470 
8785218 
3 90950 
3796092 
8802418 


[$8081 36 


8815847 
8319550 
8825245 
530934 


518536614 


8342288 


8347954 
8853012 


8859263 


N. 


Log. 


800 
801 
802 


9106244 


030900 
9030325 
9041744 
9047155 
9052560 
9057959 
906 350 
90687 35 
9074114 
9979455 
9084850 
9090209 
9095 560 
9100905 


9111576 
9116902 
9122221 
9127533 
9132839 


5887410 


8804907 
8870544 
8876173 
8881795 


8593017 
8898617 
8904210 
8909750 
8915375 


39153998 


9138139 
9143432 
9146718 


9159272 


9164539 
9169800 
9175055 
9180303 
9185545 


8920946 
8926510 
8932068 
8937618 


8943101 


8948697 
9954225 
959747 
8965 262 
822922 


8976271 
8981765 
8987252 
89927 32 
8998205 


900 5071 
gocg131 
9014583 
9020029 
9025408 


Log. 


9211061 


9190781 
3196010 
9201233 
9206450 


9216865 
9222063 
9227255 
9232440 


9237020] 


9242793 
9247960 
9253121 
9258276 


919289077 


9268567 
9273704 
9273834 
9283959 


9203424 


Log. 


N. 


N. 
850 
851 
852 
853 
554 
855 
856 
857 
858 
889 
860 
861 
862 
863 
864 
865 
866 
867 
858 
869 
870 
871 
872 
873 


574 


875 
876 
877 
878 
879 
880 
881 
882 
883 


884 


885 
886 
887 
888 
889 
890 
891 
892 
893 
294 
395 
890 
897 
898 
899 


Log. 


994189 


9304396 
930949 


9319661 
9324738 
9329808 
9334873 


9344985 
9350032 
9355073 
9360108 


9370161 
9375179 
9380191 
9385 197 


9395193 
9400182 
9405165 
9410142 
9415114 
9420081 
9425041 
9429990 
9434945 


9444827 
9449759 
9454686 
9459607 
9404523 
9409433 
9474337 
9479230 
9484130 
9489018 
9493900 
1493777 
9593649 
9508515 
9513375 
9518230 
9523080 
9527924 
9532763 
9537597 


Log. 


9299296 


9314579 


9339932] 


2365137, 


9390198 


9439889] 


N. 


909 
gol 
902 
903 
— 
905 
906 
907 
908 
909 
910 
911 
912 
913 
914 
915 
916 
917 
918 
919 
920 
921 
922 
923 
> Ann 
925 
926 
927 
928 
929 
930 
931 
932 
933 
934 
935 
936 
937 
938 
239 
94 

941 
942 
943 
94+ 
945 
946 
947 
948 
949 


9758911 


Log. 


Log. 


9542425 
9547248 
95 52065 


9556878 
5561684 


977723 
9781805 
97863 
979092 
97248 


9566486 
9571282 
9570073 
9580858 
9585039 
9590414 
9595154 
9599948 
9604705 
9609462 


9614211 
9518955 
9623093 
9628427 
9633155 
9637878 
9642596 
9647 309 
9652017 
9656720 


—_— 
»„—— _ 


9545273 
984977 % 
79854265 
9858754 
9803238 


1 


9867717 
9872192 
9876663 
9881128 
9885590 


9601417 
96661 10 
19670797 
967 5480 
9680157 
9684829 
36089497 
9694159 
9698816 
9703409 
9708116 
9712758 
9717396 
9722028 
9726656 


9731279 
9735896 
9740509 
9745117 
9749720 


9754318 


97635co 
90708083 


9772662 


989 


990 
991 
992 
993 
994 
995 
996 
997 
998 
999 


699387 


9890046 
9894498 
58989600 
9903389 
9997827 
12261 
— 
9921115 
9925535 
992995! 
9934302 


9943172 
9947 56g 
9951963 
ATCC 
9950352 
39007 37 
9965117 
9969492 
997 3804 
9978231 
998259 
9986952 
9991305 
99950; 5 


N. 


Log. | 


N. 


Log. 


—_— 


— 


* 
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1 Pro. 


ſoooοοοοο joo 
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001 3009 344203875 
2332 7778202 


+ 
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1310 
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0432143044 4074 
751279418371 
1805/22342663 

46523 6952 
0060380/0808|1236 


430 


9659 5656 17 
429 


8600 9994/9523 
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46605088 55 16 


893793659792 
o/ 32 1003637 4064449 


747879048331 
0081742 21682594 3020 


3872 429847247150 50 as 


60026427 6853 
0257 0683 1108 


4509 4934 5359 
875691819609 
0103000 3424 3848 


8130 85 5608981 
2384/2809 3234 


365 1 2 
50 7483 * 


— 391, $815.44 


72397662 8086 
O111474/1897|2320 
5704612765 506 
993103540775 
0124154/4570/4998 


9357 7.9780 _ 
423 


422 


837287949215 
0132587 30083429 85 
679772187639 
03410030434 1844 

205 85288945 


421 


940398230243 
0153598174436 
f 7788820608625 

0161974239228 10 


615565736991 


434 434 


1 7 + 
33/3, 130 
41174 
$1217 
6/260 


wy 
OS © oun > w »H = 


0954 un Þ» ww 2 — 
» 


4305 £9 g 


+ 
Va 
— 


1 | 2 
KO Ol 22 AA f 8. 
24 FAIL 222 


177 4 4 257 300 342 
1710214 2560299 
1702132560298 
1700213255 298 
17%, 54 297 
1690212254296 


tbgl2111252 295 
168|211/2531295 


168|21c|2 524294 


188250 29,53 577 
2494970332374 
2490 2900337¼373 
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329|370 


328369 
368 
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r68|2 1012511293 
1672090251 293 
14 5 167/200 250 292 334 375 
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36 
242/234 424/355 


N. 10400 L. oi or NUMBERS. 
MESS LIT FEYLETEE EY 
1040/0170333\0751/1168|1586|2003] [2421]2838|3256|367 3/4090 
41] 4507/492415342/575910176| |6593|7010|7427|7844|8260/417 
42 86779094195 11992744 [0761|1177|1594|2010|2427 
130182843 3259830759288 [4925153411575710173|5589] - 
__44|___ 7995742117837 8253/8069] 1908419500/99161033210747/? 
45 0191163157801994 2410/2825 324003656407 1448604902 
46] 5317 [5732/0147 0502 6977! [7392|7807|8222|8637|9052 
47] 9467 9882(0296071111126\|1540/1955|23692784/319 
480 0361347 4442 4856570 5684099065 136927 7341 
49| 228081698583 8997 2411 982402380582 10661479 
11050,021 0211893 2307 272031343547 |3961|437414787|5201|5614 
51 6027 6440/68 72677680 8093 85068919 93329745 
52 0220157 0570/0983|1396|1808, 2221634 304634593871 
53] 42844596 109 55215933 634567587 70078299 
54 84006 88189230 9542 04 04660878 12891701113 
| 55 02325252930 3348/3759 4171 455214994 5405 581716228} 
| 56] 6639 7050/7402/7873 8284| [8695 |9106/951719928/0339 
57 02407501 161615721982 2393 280432143625 40364446 
58] 4857 5267 5678 688 6498| 690973197729 8139549 
—2 — 9370/9780/0190 0600, 1010/1419/1829/2239|2649 
1060 0253059 (3468/3878, 4288 4697 510755 165936 6335/6744 
| 61] 71547563 79728382 8791 9200/9 9609\0018/0427/0836 
62 0261245, 1654 2063 2472 2881 3289 3698 410% 4515 4924 
63] $333 5741|6150 65586967||7375/7783/8192 860019008} 
64 24165 98240233 0641 1049: 145711865 2273 2680 3088 
65 6273.963954 72 77195727 5535 59426350 6757/7165 
66 75727979 8387 8794 9201|\g609/0016 42308301237 
57 0281644 2051 2458 2865 3272 3679 4086 4492 4899 5306 
68] $713 6119/6526 6932 7339 7745/8152/8558/8964.9371 
| 69 9777/91 83 0590 0996 1402 1808 2214 2620 3026 3432 
10700293838 4244 4649 555 5467 5867 62726678 7084 7489 
71 7895,8300/87069111 9516, 9922032707132 11381543 
7203019482353 58031633568 397343784783 5188/5592 
73] 5997 6402/6807 7211 7616, 80208425 883092349638 p 
__ 740310043, 0447 085101256 1660, 2064 246% 2872 32773681 140 
75 1585044594893 5296 5700 6104 650869127315 7719 8 _ 
76] 8123085268930 93339737 0140 0544 0947/1359/1754 1 
770322157 2560953 3387 3770 417304576979 5382 5785 403 (c 200 
78] 6188065906993 73967799 [8201|8604/9007/9409|9812| 240 
7903 302140617 1019ʃ142218242226 2629303103433 03835 7 280 
1080] 4238 4640 504 54486 |6248/6650/705217453/7855/4**|,| %s 
81] 8257 86599060 94629864 0265 0667 1068014701871 22 
82 0342273/2674/3 75 34773878 4279 4680 50815482 5884 
83 6285 6686 >087 7487|7888| |$289|8690 2055 94919892 
84/9350293/0693/1994/1495|1895||2296/2696|3096| 349713897) 
85| 4297/4098 58098 5498 5898 6298 669870987498 7898 
86 8298/8698 9098 94989898 297 0697 1097 14961896 
87 0362295 2695 309434943893 4293 4592 509 164915890 
88] 62896688 708774867885 82848683 908294819880 
890320279 628 10514551824 2222 2571 300468 3867 
NI o | 11 2 L 


—_— * — 4. 


LOGARITHMS 


N. 10900 L. o37| 
8 


| 'O BELT ELLE FYLERT g | D Pro. 
090374265 4663 506254605858 62576555 705374517849 398, 398 
91 824808646 904494429839 02370635 1033143101829 ' 8 
92 03822861200 3022 3419|3817||4214|4612|5009|5407\580 0 bay: 
93] 6202559999673 779108188 8585089829379 9776397 13 
94/939917319579/096711364/1761||2158/2554/2951133483745] |5| 199 
95] 414114533/4934/5331]57271[6124|6520/6917|7313/7709| 35 
95 8106|8502/8898/9294|\9690||0086(0482(0878]|1274/1670/396 g od 
97/0402066/2462|2858|3254/3650([4045[4441/4837|5232|5628] 90358 
98] 6023641968 1472100605 80018 3960879109187 9582 397 
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79|__ 39444127|4319/4492[4075||4857|5949;5222|5405|5587 
2380] $77015952(613516317/6499||6682/6864/7047|7229/7412 
81] 7594777679598 14108 323 8 5068688 887190539239 
82] 941809060097 8 2996501470329 051 1694/0876 1058 
83/3771240[1423|1605|1787|1969 212233451 2698 2880 | 
84| 3063132451342713609137911[3973/4155/4338/4520/4702] || 72 
8 8845066 5 2485430 56125794 5976158634065 22182, alk 
86 704|6886|7068|7250}74321|7614;/7796/7978/8160 $342 
87] 852487068888 90709252 943496169798 997901 1 
88/3780343|0525|070710889|1071[|1252/1434/1616|1798|1980 
89]__ 216112343|2525|2707|2889|[3070/3252(3434/3016|3797 
2390] 39794101|43421452414706||4887|5069/5251/5432/501 
gi] $796|5977|6159[0341/6522/|6704/6885 706717249/743 
gz] 7612[7793/7975|$156(8338||8519/8701/8882/9064/9245 
93] 94279608 9790997 100153 033405 1606978790 
9437912410/142 3160417861967 2148233025 11026922874 
95 © 39551323713418[3599[3780([3962/4143 4324145014087 
960 4868[5049|523115412(5593115774/5955/013716318|6 
97] 66806862 7043%/ 224740575 86776779488 13008311 
980 84920867 3885403521639 7897599 “1 1g 
99|3800302[0484/066510846[1027|[1208/1389/1570/1750/1931 
F-! 2 [1] 2 | 6 8 


N, 24000 L. 380 OF NUMBERS, (35) 
TE: ©; I Pro. 
240003802 112 3017319833735 
= 3922 4826050075 1885 368 
oz] $730 634681559950 176 
03] 7538 8441086228803 181 
O 9345 0248/0428/060g 1 0 
0513811151 205422342415 2 30 
ob] 2950 38594039 422004 12 
07 2 566358436024 852 
os 6565 746776477827 60 105 
og] 8368 926994509630 7] 12 
241003820170 107112821432 155 
11 1972 287 3/305 3/3233 
12] 3773 467 3/485 3/5033 
13] $573 64731065 3/6833 
14. 232 8272084528632 
15] 9171 0070[0250/0430 
16038 30969 186802048 2227 
12 2707 3665 384440244 
18] 4563 5461 5640/5820 
19] 635916 7256174367615 
2420] 815418333 905119230 9410 
21] 99480127 0845 1024 1203 
2238417411921 * 2996 
23] 353413713 443045094789 
2 53205505 622206401 65 80 
25] 711717297 8013 8192/8371 
2 890819087 803099820161 
_ 2713850698 15927711950 
28] 2487 33813860739 
29] 4228 16983488827 : 
2430] G6063 595671357314 72 
| 31] 7850 8743 8921/9100 5| 9c 
32] 9636 0528(0707/0886 107 
333861421 23142492 2670 us 
34|__3206 4098/4276/4455 [161 
5] © 49 5881 6060/6238 
3 6773 766 7842/8021 
37] 855518733 944696249803 
3838703370515 1228014061584 
1 3 211802296 3008031863364 
124490] 389804076 478804966 5 144 
41] 6567805856 656767455923 
| 745717034 8345.85 24 8701 
43] 923519412 0123/0301'0479 
388101 1900[2078/2256 
45] 278902966 3677385444032 
456514742 5452/5630 5807 
4 63 66956 722774047582 
8114/8292 9001 7715 
9888 20 0774/9952/112 
Nj o [ill |4) 6 | 7 ts. 


——_— 9 th, 


(36) LoGARITHMS N. 24500 L. 38 
nnn 9 |D\Pro. 
2450/3891661|1838|2015/21 32370 2547 27242902 
Fl 343336 10378703955 4142 4319449604573 
52] 8205538255957365913 6090062676444 
53] 5975½7153/7330% 50% 684786108038 8215 
34]__ 8746/3923/9100/9276/9453| 939,987 9984 
553900515 06920869 10461223 1399015760753 
8 2284 24600263728 14299103168 33443521 
57] 4052[4228[440514582|47591,4935|51 125289 
58] 3819599572492 676879 055 
59928852252 293 90811508292 8468086408821 
2460] 9351/9528[9704|9881[0057/\0234/04 10/058 
61 8... 1293|1469j1646|1822|\1998 — — 
62] 28803057 3233341003586 375203940041 is 
63] 4644/4520/4997\5173153491||5526|5702\587 
64] 6407/05831676010936[7112||7288[7464/7641 
65| 8169]8345|8522[8698|8874||g050[922619402 
66] 9931[01071028310459}0635||0811]0987|1163 
6739216911868 2044222002 39602572 274802924 
68] 3452036280380303979 4155433 145074583 
69] $521115387|5563|573915914|[6090[626616442| 
2470] 69701714517 3211749717673117849]8024{8200 
71] 9$727]890319079/925519430[[9606[9782[g9958 
72|3930485|0660[08 36|1012[1187|[1363]1539|1714 
73 2241[241712592[2768[29441[311913295|3470 
74] 39971417214348[4524146991]4875]505015226[5401 
75] Y3$7521592816103[0278[645411662916805]6980 
7 7506|7682|78571803318208[|8383]8559!87 34 
77] 9260943561 7869961001 37/0 12 04900 
78039410130 1188/136415 391714 1889020642240 
79] 2765|2949/31161329113466{[364113816(3991[4167 5 
2480 17469204867/5042 5217539205 5675742591860 
81 2560 644306618 — 696807143 — — 786 * 175 — 
82] 801888 1933680854308718 88939008 924294179592 
83] 9767994201170 29204670642 0817/0991 116661341 [742 
84/395151611691]1866|2040[22151|2390|2565|2740|2914/3089] FI 
85] 326413439}301313788[3963114138[4312/4487|4662|4837 
86] go11/518615361]5535|57 10/\5885|6059/6234/6409}6583 
87] 6758(6932]710717282|74561|7631|7805|/7989[8155/8329 | 
88] 854 8678088532702 9376 955197259 
89139602491942310598j077 210947}[1121]1296|1470[1645/1819 
2499] 199321682342 251726910 286530400 321433893563 
gl] 37373912 486426004435 46090478 3495805132 5 30 
92 5480565 5582960036177 6352652606700 687417049 
93] 722317397757117745(7920 80948268 844286168790 
94 8964913909313 94879661 9835 9009 018303570531 
9513970706|0880[1054/1228/1402| 1576 17501924 2098 2272 
96; 24462620 279429683142 3316034900366403838 4011 
' 97] 41854359533 47 074881 5055229540357 5750 
98 59240986272 64466620 6794967 7141½73157489 
99] 2663 ½8300%80100 818483580853 108705 88799053 9226 
N. o 12 314. 5 7189 D pts. 


» — 


NL or n 
© TS A N14 | S | 5818 
ö 9044200 
2500|397940019574/9748 9 I — 2179 2352 
0113981137|131111484/105 8 | 139144088 
02] 2873 304 322003943567 3741139 = 
o E343 65175905864 _ 5 = 5. — 
"oc! $077|8251/842 8597877108944 
05 9811 9984 228 e 0677 3 — 
0713991543/1717/1890/2063 2088 . * 87 
08] 3275/3448/302213795139 767244815 
o DJs? 5189353255529 88726045 5 
2510] 6737|6910/7083|7256/7429 — 4s. 5878 
11] 84678640088 13898609159 9332 57 77456 
1 erg ge ese 2 868858515 
1925209802 | 
14 3653 3825|3998[4171|4344 e 
is] 53895553/5725 5898/6071 9243104 42514 
16] 71067279745 276247797 5895 88 . 
17]  $83219005/917719350/9522119095'g 9211764 
10 2282 + g ep c 
19. 2282454828799 2921 3 _ — 
252 4005 [41781435014522 $995 48 2878253 
21] $728|5901100730245/0417 6512 9488855 
22] 7451765237795 7967 _ 95 — — 
2293588779878 26/2098 
2414020894/1066[1238|1410/15 Z| 154 2 56818 3000/65) | 
25] 2614/2786/2958/313013302 1155553505537 6% |__| 
2 — . — i 3887 bark 20837255½74277599 L 
oy 68458 |$630/8801|897 31914519317 
28 7717942811482860845 060000862 10 3 
29 9488,9600 9832(0003 O175 = — — 2 = g 
2530 40312051377 1549 ** — — ones 4122 294/44 | 
31] 292113093/3265|3436|3 . 7055886083883 8785 0 
35 re bse 7538 — 7381/7552/7723/7895] |; 
33] 835585238695 37820923 492669437 9608 
| 34]__ 80668237 /8409/8580/8752) 2 = Rea 
35] 9780995110122 — 9405 whe — x 4. 2862/3033] |} 
36 a” — —— 3718 3889 (4061 $232/4403 574/474 3 
37 146285645 
38] 84589872288 5429 — 7452 7653 7824/7995 81886772, 
39. 5662757986969 7140731124 293630534987 3% 
eee t 
414050047 6 2610027800295 10312203293 
2 1755 192602097/2268ʃ2439 927 820 1 
4 3848368 refer. 6158588855 ome fene 
44] 51715342 5512/5683 585460256195 = — 841 4127 
— — Sd ht 1/7902 2 184 
| 45] 68787049 72197390 5266 5437 9607 9778 9245110 ̃ — 
40 8584/8755] . g 1/1[1142[1312|[1483]1653]182 
474060289 0450063000 — 1815 1731870 33583528 | 
| 48] 1994/2165/2335/2506/2676||2846]3 21/4801|cobr{c2g1 w | 
iii 22 


—— _ — — — 
035 LoGAariTHMs 
I 

5504065402557 27 425913 083 625364246594 
gi} 71051727517445|7615/7786|[7956[8126/8296 
52] 8802977147317 487 955898289998 
5314970508[0678/0848/1018/1189||1359/1529/1699 

1 — 229912379 /2549/27 19/28*91|3059[3229/3399 

| 0 32094079 424944194589 47594929 6099 

7 


55085778 594861186288 645865285798 59 


730% 7764787987 8156083268496 
58] 900991753455 159584985 4 040194 
591408070310873}1042/1212/1382||1551|1721 1891|/2060[22 


[z560] 2400/2569/2739/2909(3078||3248(3417|3587 
j 61] 499614265/4435|4504/47741|4944/5113 
62] 5791/9616130 6300/6469 6639680805978 7 147 


63] 7486765682599 48 1648333850387 2 8841 
64] 9180935005 19968809858 oo27 0196036605 35 


— 2567 2736 29051307 413243/[3413/3582/3751 3920 
T7 42594423459714700/14935||5105|527415443/5012 
68] $5950 6119 6288 64586627 57966965 1347303 
6g] 2641/½ 2810297918 1488317 84860855 588248993 
57 


7141010211 19001359ʃ1527 
7 — 5 30473216 
9284557735903 5242 541055795748 
85/6254/6423]0592/6760|6929/7098/7266/7435/760 
708 7772794108 11008 27808447 ]861608784.895 391219290 
9459/9627|979619964/0133[[0301[0470/0639/0807/0976 
7 111144/1313/1481|1650j1818||[1987|2155/2324/2492|2661 
2829(2998/316613334/13503[[367113840/4008[4177[4.345 
4573 4682/4850/5019/51871|5355/5524/5692/5860[002 
j 's 9710365165 34(6702/6870/17039/7207|7 37517 543/771 
81 
7 


9331095009669 1 1763455 140683 


7085 80488217 83850855 30/872 188909058 922693 
9562(97 31[9899/0067/0235110423/0571/0740/0908[107 
4121244/1412|1580/[1748/1917||2085/2253/2421/2589/2757 
2925[3993|326113429/35971137051393 314 101/4269/4437|168 
460514773 4941/5109/5277115445/5013|5781/5949|6117] | 
2256453 5621667896957 7125729374617629 779 
5 79641013 8300/8468|8036|[8804/897 1913993079475 
43(9811/9978[0146/0314{[0482 0649/0817 /0985 1153 

; *... 1488 165601824199 10021592327 24952662 28 30 


29983 1650333335010 3668 38364004417 143394507 
92 
92 
93 


5745159095177 5345512680584 615618 
350165 185685685 3 720% 188% 355% 523 7696858 
802 5819383608528 86958863 90309197 93659532 
 9700/9867/0035/0202/0369|ſo5 37/0704/0872|1039]1206 
25 4141374154 7081876 2043221002378 2545 2712 
3047 32143381035493716 3083/405114218/4385 
4719/4887 5054/5221 $388|[5550|5723/5890 
6391/6559/6726/6893/7060||7227|7394/7561|7729]789 
8053082308397 8898 90699232 93995560167 
1.411 $1617 18 19 |DIP 


edict. tes 8 


— a > ed 


m—_ 


NF. 26000 L.414 or NUMBERS, 
N. 2 4 7 | 
260041497 33/9901]0068[0235/0402 0903[1070 
014151404 1737 ju 257212739 
oz| 3073 3497 3741 42414408 
03] 4742|499915975 5409 5909.6 
04|__6410]657710743/9910/7077 757717744179 
% 8077 8411185778744 9244/9411 
9744 0077 0244/0411 09111077 
07/4161410[157711743[1910/2077] 257602743 
08] 305760324234093575 3742 4241/4408 
og] 421. $974 5497 5906[6072 
2610] 6405 6738/6904/7071 757917736 
11] 8069 8401085688734 923319399 
124 9732 006402310397 08951106 
13/4171394|1560[1726[1893/2059 255712724 
14. 3055832223388 3720 421914385 
15] 4717/4883/5049]5215/5381 5879/6045 
16] 6377 570906875 7041 75397705 
17] 8037 8369085 35/8701 9199/9365 
18] 9696 0028/0194/0360 08571023 
194181355 1687 2018 25 1602681 
2620] 3013 334435103676 417314339 
21] 4670 900261675333 5839/5996 
22 6327 6658068246989 74867652 
23] 7983 831484808645 91429307 
24 2638098049969 0135 0 30⁰ 0797/0962 
254191293 162 1955 245102616 
26 2947 3113327803443 3509 419514270 
27 14766 493 1050975262 5758592306 
28] 6254641965845749 6915 7410/7575 
29] 7906 8236840108567 06209227 
2630 9557 98880005 300218 071300878 
3104201208 1539 1869 23642529 
32] 2859830243189 33543519 4214/4179 
33] 450945744838 50035168 56630/5828 
34] 6158063230648 7665 268 17 7312747776 
35] 7806 813618301|8465 89609125 
35] 94549619 978499480113 060710772 
3714211101 1431 1760 22542419 
38] 2748 307713242|3406 39004065 
32. 14394488 422344888 5052 8210 
2640] 6039 62046368065 33/6697 719172355 
41] 7684 8013081778342 8835 8999 
4 93289439657 98219986 0479/0643 
4314220972 1300 1629 212202286 
44 2615 294331073271 37643928 
45] 4257 45851474914913 5406.55 
4 5898 622716 555 704717211 
47] 7539 7868 8196 868808852 
480 9180 950896729836 03280492 
4914230820 1147 1475 1967/2131 
N. 0 . 718 


CIR 
— I 11 1727111 * II 
51 eres ss 3278/3442 3606/3770/3933] | | 
52] 5735558 9 226 5 95 7089244 540855717 
1 99 362266390 6 571888 
53 737205360700 7864 802 8757 718 817045 72 
A.  9009917393369500.9664 — —— 19/9682/8846 
55 4240645 0809/0972; 2 22 
5 2281 2444 1 — 14631627 1790019842117 
57 39164079 ee 4.40". 4 8 3098 32623425 3589 3752 — 
1 58 97981 85555 947334896 560% 223 53860 13, 
558957 35877 60406203 63676 353 I 
59 71837347 751673 783 4, 7 530/0693/085717020 2 
6 8816089809143 009 27 22 83278490 8653 o 4 
7 Pry = ps 004 at pc 9633/9796 995 122 02860 f 55 
1 62 2081 22442407 5 2 1265 1428/1591 1754/1917 FH — 
e 3712138754038 4201/4364 2896/3059 3222 3385/3549] [1/11 
64 240 C0 + 4394 4527 469044853 916 I 811 
E 42889 533702221 8578288483 846 8859 6375 
271 
68 8807 f ee: 7787/7950 8113 82768439 
67/4260230\0393 0556/071 2285 941695799742 9904 o 
68] 1858620212184 790 104411207 137011533 1695 
69 3486136483811130544137! | * 2998/3160 3323 
[2670] 51732757448 Got 7 429914462/4625/4787/4950 
0 7396901 786422 —— 59266088 625 164146876 — 
72] 83g 85278690 88 25515 755277147877 80398202 162 
73 er 06 3119177 9340/9502/g605 g827 N 16 
| 74427161 I 6\1 77 39 80209 41127 [1289/1 2 2 32 
7 : 2 1939310112264 2426/2588/2751 2913/3076 1 6 
3235;3400 5963 4 65 
| 7 2 188 372513887 405014212/4374/4536 4699 $| Br 
77 6484/6646/6808 697071 5672583599761 32037 — 
78] 81068268 8430/8592 3750 7295 7477619778 155 ons 
E 
04281 Ir 10 | | 1 11 
- $1] 2968 1 e 2158 2320/2482 2644 2806162 
| $2 $558 4750, — — = 3778 394941024264 4426 
$3] 6207 Cole 0069210854 53975589 5721 5883/0045 
| 84/___ 7825 2987 8149 — 1535756578519 = 
85 9443 9505 9766 9925 0090 295.8988119 99281 6 
85 4291080 122213835 5 4 0252041305750 37 0898 F 
1 37 2677. 2838 — the OS 1868/2030 219223532515 fo 4 
4 2 44544910 4777 4939 $485 3646,5008 39694137] || 3 
2 _ 5908 829231392554 5100520215423 5585/5747] ( 4, 
1910 9137 9298 — oTienes 8330 8491 8653 88148976 Hl by 
| 92/430075110912[1073/1235; 9732 994419105/02671042%05 7113 
i 93 2364 252502 2686/2842 — 1557 1718|1880/2041 2202 | 129 
 24]__ 397914137 4298,4460 1627 2 3492 3653/3815 91145 
95] - 555815749 5910607162326 2273 2048355 5422 tek 
oe ole arh(h2 35 Gd 8120840) org 16 
98/4310419/0580/0741/0902 88405 1776 9937 oc a5 
2 2029|21902351/2512/260 : * 15467 1868 
0 11 2 72112233/29941315513 59103677 
0 0 BR — 2 — 'D Pts. 


” 


. 


N. 27000 L. 431 OF NUMBERS. 
=. £6” 1 |2|3|4||5|6|7|8] 9g [D/Pro 
2700 431363803798 3959 4120428104442 46034763 49245085 
oi 5246654075567 572805889 0137165326693 
o 585370147 175½ 33674967657 7818/7978/813918300 
oz 8460|8621|8782|8942 9103| 926494249585 97469906 
04/4 320067/0227/0388/05 49/0709] [0870 1030/1 19113521512 
05 167301833 9942154½2315 24752636796 29573117 
o % 3278343835997 59,390 40804241 4401456 % Nerf 
| o 48835043 52035364 5524 56855 845 6005616606326 * 
o8| 64875647 68076968 128 7288 7449 [| 32 
og 8098250 8411852 10873108892 9052 921293222833 3 4 
2710] 9693/85 3/0013/0174/0334| 0494/0654/0815/0975|1135] | 8 
1143312951455 161601776 1930 2096|2256|24161\257712737 F Z 
12) 2897/3057132171337 73537 3697858 41847843380 f 
13] 449 8/4653 4818/4978(5138|[5298/5458/5618/5778|5938] . [8:2 
14 9986258 6418/6578, 5738 6898 70587218 73787538 9114s 
FT: 7698 7858 5180817808336 8498 8658088188978 9138 | 
16 9298 945896179777 9937 0097/0257/0417/057710737 
174340896 1056 1216 13761536 | 16960185 5 2015 2175/2335 
18] 2495 2654/2814 2974/3134\[329313453/3613/3773/3932 | 
19|__ 4992 4252/4412(4571/4731!|4891|5050\5210/5370|5529 | 
2720] 5689 5849 6008 6168 63 28 (6487 6647 68076956126 160 
21] 7285!7445 76057647924 — 824384038562 8722 1 
22 88819041 9200936095199 998389998 01570317 2 
234350476 063609 59551114 1274 424335953 7521914 f 
24 2071 2230 23902849 2709 2868 3028/3187 33463506 1 
25 3605 382439844143 4303 4462 46214781 494915299] |þ 
26 $25 9.5418'557715730.5896 | 6055|6214/6374 6533/6692] |? 
27] 68517011 717073297488 76487807 7966 8125828 pt 
260 84448603 676269219080 92409399 955897179876 f 
294360035 0194 03540513 0672 83 ooo 1149/1308 1467] 
2730] 16261786 1945 2104 2263 242225812740 2899/3058 159 
30 321733763533 3694 3853 401241714330 4489 4648 = 
32] 480749665125 5284 5443 5602 761 592086237 
33 63966555 6714873 7032 7191½350% 509667 7826 
34. 2285 81448303 8462 8520 877908938 9097 9256/9415 
35 9573 9732 9891 0050/0208, 5367 G52 0685 0843 1002 
30 437116111320 1478 1637] 1796, 1955/2113 2272/2431 2589 
37] 2748 2907 3065 3224 3333 3540370003859 40174176 
38] 43344493 4652 48104969 5127528605445 5603 5762 
39. 89286079237 396 6885 67135872 2307189734 
2749 750676647823 79818140 8298 8457|8615|8773|8932 
41 9090 9249 9407 9566024 9883 001 0199 03580516 
424380675 0833/0991 (1150/1308, 14661625 178319412100 
43 2258 2416 2575ʃ27 33 2891 30500 32080336603 5253683 
4 __3841/3999/4158/4316/4474, 463247914949 51% 5265 
45] $5423 5582(5749/5898 5050 62146373 553185896847 | 
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os] 2778292330673 211335603500036 4537893933 
og! 4222 436665114585 4799 4943 5088623205376 
3010] 5665 5 80959458242 6386065 31567 568 19 
11] 7108072527396 7540/7684117829 7973] 178261 
12] 8550086948838 89829126927 19 415955990 
13] 9g991j0135|0280j0424/0568}|0712/0856[1000]1144 
14/4791432/1577|1721j1865|2009]|215 312297|244 1/2585 
15] 2873/3017/3161[3305[34491[359313737|3881/4025 
16] 4313[4457|4501/4745/4889||5033|517715 321154605 
17] 57535897 6041185 632964736617576108905 
18] 7192/7336/7480/7624|7768|[7912|8056[820018 343 
N 8531872808919 995392059389 9494 9.389282 
3020/4800069/0213/0357/0501/0645||0788/0932[1076/1220 
21] 1507}1651|1795{1929|2082||2226[2372[2513|2057 
22] 2945 3088032320 3376035 1936633809 
23 4384525466948 1249566 10052433875531 
244 581805961610506 2496392065 366679 682306967 
25 725417397 7541|76084/7828||7972/8115|8259/840 
260 8689 8833 8976/9120/9263119407/9550(9694(9837|9981 
27(4810124/0268/0411/0555,;0698||[0842/0985)1128)1272 
28] 1559/1792/1846|1989|21321|2276|2419|2563|2706 
29 2993,3136/3279/3423[3566|/3710/385 3]3996(4140|428: 
3030] 4426 457047134850 006143 528664295573 
| 31] $859/6003/6146/6289(6432[/6576/6719/6862|7005|7 
32] 729217435 75787722 786580080815 108295/8438 
33] 87248867 901091549297 944095839726 9869 
' 34/4320156/0299/0442/0585|0728||0871|1015|1158|1301 
| -35 158711730 1873 2016021592302 2445 2589 27322875 —: 
36] 3018/3161/3304/3447/3;90||3733/3876|4019 4162/43 1173 
37] 4443/4591 $7 34487715020 5103/5306(5449/5592(5735[143]a| 2 
33] 587806021061646307/6449 659267356878 7021716 31 4 
39. 2322402593 2736879802 108 16483084808 593 $ 
3040, 8736/8879 9022/9164/9307/19450/9593/97 30|987gjoozr] 35 
41/4830164/0307/0450/0593/0735|/0878/1021|1164|1307|1 711 
42, 15927351878 20200163 23062449 259107342877 9 17 
43 3020316233050. 344803590 37333876401804161043 22 
44.444488 47324874012 816053020 44805588 523 
45 5873660166158063010644306 58657290687 17014156 
46] 7299 7447584772786 801281548297 8439 885 
47] 5872588679010 915292959437 958099865 
48|4840150/0292/0435/0577/0720| os 1004114701289 14327“ 
49] 1277211859200 2144 22862429257 027 14285 $ 
NI o 1| 2 4 | 6 8 Pts 
g 5 nnn 


| 4 — 
| | (48) LoGARITHMS N. 30500 L. 484 
| Nl o In III 9 D Pro 
3050484299803 141 3283 3426.3568037 103853 3995 41374280 
| Fl] 442245644707 4849 4991 557560088475 550115703 
it | 52] $5845\5988/6130'6272/104141|6557 6699!/6841\6984|7126 
f, 53] 72087410/7553/7695/7837|[7979/8121/8264/8400/8548 
11 _54]___869018833|897519117/9259119491/954319686|9828/9970} |_ 
14 55 485011202540 3 9605 39068 10082 3 09651107 12491391 
11 56 1533/1676|[1818{1960/2102 2244/2386 2528/2670 2812 142 
it! 57] 295413096/3239/3381[3523j[3665[3807|3949/4691/4233 15 
'8 58] 4375174594814 585052275309 5511565342. 
11 59] 22255937 796221836 650 6647 6788 69 t |; 
| ” 1 WE 
I! 3060 721473567498 7649/7 782|[7924/8066 8208/8350 8491 5 
1 11 8633 87758917999 nei 94849626 976899 |® 
620486005 2019403 3604770619 0761/0903 1045 118601328 3 2 
| 63 1470[1612|[1754/[1895|/2037 2179/2321 2462 26042746 , — 
| 64] 28883029 3171331303488 325373803880 402163 
I 65 4305446884730 4872 50135155297 543855 80 
66 572265863 6005/6 1466288 64306571 67130685 56996 
67] 71387279421 5% 7 846987 812982708412 
68] 85548695088 378978 912092619403 954496869827 
69 9969011000252 03930539 067608180959 1101/1242 
| 30704871384 1525166718081 9500209102232 23742515 2657 3 
71 27982940308 132223364 3505 3647 378803929 4% * 
| | 72] 4212[4353[449514636(4778[|4919,5060;5202|5 3455484] |. 
| 73 56265767 590860506191 63326473 6615675606897 5 
| 74 7039[7180/7321|7462|7604 7745 788608027 8169 8310 4 
| 77 B8451]8592/8734/8875\9016|[9157/9299/9440/958119722 f 
| 7 9863!0004/0146{0287[0428|[0569;0710/085210993|11 34 o od 
} 771488127511416|155711698/1839]|1931/212212263|2404/|2545 81173 
78] 26852827 296803109 2510339203533 3674 3815/3956 91127 
| 79] 409714238[437914520/4661]|4802/4943/5084|5225/5 366141 
| 3080| 5507564805789 5930/6071 6212/6353/0494/6635| 0770 
1 81] 691770587199 73407481622 770317904 8045/8185 
1 82) B83268467/8608/8749/8890119031/9172/9313/9454/9594 
| 83 9735/9876 001710158/0299|[[0440/0580 0721/0862 1003 
| 1 8414891144 1285\1425 1566 1707/18 8/1989 212922702411 
1 85] 25522692 2833029743115 525963296527 3678/3818 17 
| | 86] 3959/4100/4241/4381/4522/[4663/480414944/5085/5226| |117, 
| 87] 53665 507 5648 5788 5929 6070 02106351 640 66322 | 
88] 6773/6914/7054/7195/7335 747617617 7757 7898/8038 [3 
89] 817983208460 86018741 888290239163 93049444 |[4 
1 zogo 958519725|9866/0006/0147||0287/0428/0569/0709|0850 p 
i 91/4900990\11311271/1412/1552 16931833 197321142254 7 98 
| 92 239512535 2676 28162957 30973238 3378035180369 14126 
93] 3799 39404080 42204361 450146424782 4922 30633 — 
94__ 529353435484 5624/5765/|5905/6045/6186/6326/6466) 
95] 6607/6747 6887 2027 7168 [7308/7448 7589/77 2917869 
96 8010 8150 8290 8430 8571871 1/8851 89919132 9272 
| 97] 94125529693 9833 99731130253 039453467 
| 984910814954 10942351375 11501655 1795/1935 
99. 22123582496 2636/2776 |2916/3057/319713337|3477 =D. 
[Nt z 2 nnn 


w— * 
g 2 0 1 r v WS ee PU _ 
boy, 1 a bers 2 ea 7 . 1 4 * 
my < * 0 "> * Ir * 
es - PR, 7 * o 
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N. 310 L. 491 or NUMBERS. (49) 
Nieren 5 6 7 | 8 | 9 D Pro 
504913617 37576897 4717717445797 7394878 
„  g018/5158/529815438\5578\15718/5858/5998/6138/6278140 
o2| 641865 )58 6698/0838 6978||7118|7258|7398/7538|7678 
oz 7818795808098 8238837808517 8657 8797 8937907 
o4| 9y217/9357/9497'963719777|[9917/005710196(0336/0476 
05|4920616/0756\0896/1036|1175|[1315/1455|1595/1735|1875 
ob] 2015/215412294/2434|2574|[2714/2853/2993/3133/3273] [1 
o7] 341313552|3692/3832[39721[411114251[4391/45 31/4670] 14 
03] 481004950 5095229 369% 5095648 5788 59 288608 fa a8 
og| 620706347 6487/0626 6766 6906 7045|7185/73251\746 31 42 
3110 760477447883 80238162 8302 84428581872108861 2 = 
| 11] 900091409279 94199558 96989838 09 e 8, 
12493039605 3567 5/9815/0954/[1094[1233/1373/1512|1652] [7] gs 
13] 1791931010349 24892628 2768 290% 3047 81112 
14 318603326034580304.3744 3883234152324“ |2230] 
155 458104204859 4999385278547 555656965835 
16] 59740611 6253 6393065 32667 1068 1169500897229 | 
17 2368/7 50717647 778679258065 820483438483 8622 
18] 8768900904099 91894579597 
1949401840293 04325710211 o8 5000989 
3120] 15461685/182479642 103022422381 
21] 293803077 3210335803494 36333773 
22] 43294458 460047404885 50245164 
23] 5720585959 980137 6276064156554 
240. 21102492388 222 25 280944 
25 85008639 877808917 905691959334 
26] g890/(0029,0168j0307/0445| [0584/0723 
2714951279 1418/1557 1695|1834|[1973]2112 
28] 2667 2806/2945 30843223 3362 3500 
29] 4056[4194/4333/44721411| [4750/4888 
31300 $443|5582/5721/5860/5998| 6137/6276 
31] 6831596910824 38525247663 
32] 8218 8356/3495|$034/8772 8911/9049 
33] 9604/9743:9881/0020/0158||0297/0436 
3449609901128 1267 1406 1544168301821 
35] 2378/5142653 7919303068 3207 
36] 3761/3899 403841764314 [4453/4591 
37] 5145/6284422 55605699 5837 5976 
33] 65296668 68066945 708372217360 
32. 2213882 8190832808452 8605 8743 
31400 92969435 957397119850 99880126 
41/4979679/0818/0956[1094/1232||1371|150g 
42 - 2062|2200(2338[2476|2615| 2753/2891 
43] 344443532/3720/3858|3990\ [4135/4273 
44|___4825]4964'5102|5240\5378| [5516/5654 
45] 620663456483 662 10559 6897 035 
46] 7587% 725786380010 13982778415 
47] 896791059243938 79519 96579795 
4849803470485 062307610899 10371175 
172718652002 140 2278 2416025542692 
Ni o-til2|3l4lls | 6 


(50) LoGARITHMS N. 315 L. 498 
Nj o |rj2|[3]4]|[s[6[7 |8 [9 jDPro 
3150/4983 106/3243/3381/3519/36571[3795/3933/4971/4208/4346 

51] 4484/4622/4760/4897 5035 517353114495587 5724 

52] 5862 600061386275 6413 6551, 668968 2669640102 

53] 724973777515 7653 7791 7928 8066 82043418479 

4 — 8928288929030 91589305 9443 2812218856 

55 999401310269 0400 o544 682 o8 19 09571095 1232727 

5649913701508 1645 1783 19202058 219623330247 12608 138 

57] 27462883 302131583296 3434 3571/370913846|3984] || 

58] 4121/4259/4396/4534 467114809 4946/5084/5221/5359] f 2 

32. 34952634 271252 8458184 6321/0459/65966733] ! 
3160] 687 ½%008 71467283 74217558 7695 7833½% o 5 0 

61] 82458382 85208657 87948932 9059 920793449481 || 53 

62 96199756 g9893/0031/0168||0305/0443/0580/0717)0855] 5 

63 5000992 1129 1267 404 1541 1678 1816/1933 209002227 x 2g 

64|___2365|2502/2639/2777/2914|[3051(3188/3325/3463|3600] f— 

65 37373874012 4140 4280 4423 4560 4698 4835 972 

66] Sig ete 336338815658 725 553: Heere 

67] 648166185755 6892/7029 7166/7303 2440757807 7715 

68] 78527989 812668263 8400085 37 8674/8811 8948 9085 

69]__ 9222/9359 94253422198 f 182319480137 
3170050 10593 0 30 0567 1004 114101278 [1415/1552 168801825 , 

71] 1962 2099, 2236 23732510 2647! 2784/2921 305803 195 F 14 

72] 3332 3469 3686743 38794016053 429044274564] || 2 

73] 4701148384974 5111 5248/[5385 5522/5659 5796/5932] 1 47 

74] 6069/6206 6343 0480 0617110753 6753/0890,7027|7164/7301 * 

75] 7437757477117848 7984 8121/8258 8395|$8531/8608] fes 8: 

760] 8805 8942 9078 92159352489 9625 9762 9899 05 || g6 

77|5920172/0309, 0446 O582 0719 0856 0992 1 129;1266|1402 110 

78] 1539 1676 1812 1949,2086 2222 23592495 26322769 . 

790 2905 30423178 331534823588 3725 3851/3998 4135 
N 1408 454681 4817 7954 591 5227364500 

81] 5637 5773 5910046618363 19 6456 659207296865 

82 7002/7138 7275 7411 7548 78478217957 8093 8230 | 

83] 83668503 8639 87768912 9049 91859321458 9594 

844 9731 9867/0003 0140/0276 0413 05 49 058 0822/0958 | 
| 85/5031094/1231/1367, 1503/1640 1776 1912/2049 2188/2321 136 

861 2458/ 2594/2730 2867 3003 3139 32763412 3548/3684] ſ½ 1 

87] 38213957 4093 4229/4360 4502, 4638 774% 11% * [a 37 

88] 51835319 4565592 57285864 C0 61373 4e |3| 41 

89] 254555816818 8954 090 72207362 2498 7635 7771 18 
3190] 7907 8043 $179/8315/8451 8587 8724 886089969132 82 
91 92689404 95409575 9812 9948 0088 o 2 135790 55 

9250406290765 09011037 11731309 1445 1581171718530 [$799 

93 19892125 22612397 25332669 2805 2941305% 321301362 

94 334234853621 3257 3893 40294165 43014432423 | 

4709/4845/4980/5116/52521|5388|5524/5660|5796|5932 

— 6068 — 6339 64756611 6747/0883 70197155 —5 

97] 74267562 . 7834 7970 8106/8241/8377|8513|8649] 

988 3785 892090569192 932894649599 9735087 10% 
99 505014278 041 ogg0/o0685|[0821/0957/1093/1228 1364] _ 
N 2 1141314161617 | 9 | D[Pts 


N. 320 L. 505 


| OF NUMBERS. ($1) 
Nj o |1il2|3|4||s1617 | 9 | D|Pro 
3200|5051500[1635|177111907[2043||2178[2314[2450[2585|2721 
or] 285712992/[3128[3264133991[3535[367113806[3942[407 | 
oz] 421314349/4485]4620[4756|[4891]502715163]5298[543 
o3] 5569157951584115976|61121[6247]638316518[6654]679 
o4| 6925|7061]7196[7332[74671|7603[7738|7874|8009[8145 
5280084160855 1086878822 8958 9093922993645 
o 96351977119906[0042[0177[[0312[0448[058310719/085 
07|15060990]1125|1260|1396|15311[1667[1802[1937]2073]2208 
os 234412479|2614|2750[2885|[3020[3156[329113426[3562 
og] 369713833[3968[4103]42381/4374[45991464414780[4915 
3210] Fogol5186|532115456]55911|15727|5862[59971613316268| 
11] 6403[6538|6674|6809109441|7079]7214/7350[748517620 
124 7755/7891[8026|81611829011843118567[8702[8837|8972 
13] 9g107/9242[9378|9513196481[9783}9918|o05 310188[0324 
14|5070459/0594107 2910864[0999]1134/1269|1405]1540[1675 
| 15| 1810[1945|2080[2215|2350[[2485[2620[2755|2890[3025 
16] 3160[329513430{3566[37011[3836]3971]4106[424114376]1 35 
17] 4511/464614781]4916[5051]|5186[5 321]5456[5590[5725 
| 18] g5860{5995]6130|0265[6400|[65 35]6670|6805]6940[7075 
19] 7210[7345[7480/761417749117884/8019]8154]8289[8424] | 
3220] 8559(869418828|8963]9098[19233[9368[/9503[963819772 | 
21] 9gg07/0042[017710312104471105810716J085 1098601121 — 
2250812551390 5251660794929 2064 19903342468 138 
23] 26037380287 303005 “3 1420032773410) 3 5460368 103816 as 
24 3950/49385[4220/4354[4489114524147 58{489315028[5163] ; 1 
25] $529715432]5567|5701]5836115970[61051624016374]6509] |#| 5 
26] 664467781691 3170477182117 3171745 1]7586[7720[7855 91 
27] 799008 124825908 393085 2808663879789 320906609201 * 
| 28] 9335470960497 391987 3|[0008[0142[02771041110546] 410 
29]5 090680108 15[094911084/1218[[135 3]1487]1622[1756[1891 9 '122 
3230 _— 2294|2429[2563]|2697]2832[2966]3101]3235 1 
31] 33791359413638/377313907114042[41761431014445]4579] | 
32] 47141484814982/5117]52511|53851552015654/5788[5923 | 
33] 6057619106326 946019594 672916863/6997]7 132 
34] 7400[7534/7669|7803]79371[8072]8206(8340/8474 
35] 8743|88771901119146[92801[94141954819682[9817 
36|510008;[021910354[0488[0622||0756|08g0[1024/1159 
37] 1427|1561[1695|1829]1964||2098|2232|2366[2500 
38] 2768[2903[303713171133051[3439[3573[370713841 
39] 41094244437 8481254647 804914 504805182 
3240 5450 558415718 5852159861|6120/6254|6388[6522 
41] 679069247058 1923267460 59477287862 
42] 8130088264 5737675 86668800089 34%068 9202 
43 9469960373787 1]00051[0139/0273/0407]0541 
44\5110808/0942[1076{1210]1344\/1478|1612|1745|1879 
45] 2147 2281024152548 2682 28762950 3084/3218 
46] 3485|3619]3753]3887]4020[[4154/4288/4422[4555 
47] 4823/4957|5990]5224/5358[|5492|5625|5759]5893 
48] 6160/6294/0428|Þ561/6695[/6829/6962|7096|7230 
49]___7497/763117764/789818032[|8165|8299|8433|8566 
LF -0-54 2-40 314\||5s16|918 


WY 


LoGARITHMS 


N. 325 L. 511 


4 


NI o 3-2-2314 18$10}]7 9 | D [Pro 
325915 1188349679 101234368 |9502/9635|9769/9903/0036] | 
| 51 5$120170/[0303104 37 057010704 0838 09711105 1238/1372 
52 150511639]11772[1906|2040] [217 3/2307|2440|2574|2707 
53] 2841[2974/3108[324113375||3508|3642/3775|3909|4042 
54|___417514399/444214570/4709] [4843/4976|5110]5 2435377 
| 55] $51915043/5777|591016044| [6177/0310[6444|5577|6711 
| 5% ©8446977/711117244/7377| 2515447778791 844/ [T55 
| 57] $175531113444/8578187111[3844/3978/911119244/9377] ft 13 
58] 951119644'97771991110044| [0177/0311/0444/0577/0710] jz| 27 
5905 1308440977 111012431322 1510 1643177001910 2043 3 79 
3260] 21762309 2442 2576 ½709 2842 2975 3108032423375 "908 67 
61 3808036413774. 908 4041 41744307 4440457347 |6] 8 
2 48404973 510652395372 55055638 577 159 ο |7| 94 
63] - 6171 6304; 64376570670; 8 3606969 7 10272357368 (310% 
64. 2822531 2587901034 81578300 8433 8556859900 = 
65 8832 8965 9099 923 23193649497 96530976 9896009 
| 66/5 1401620295 0428 05610694 o827 0960 109312251358 | 
67] 149116241757 18900023 21562289 24222555 2688 
68] 282002953 3086032193352 3485 3618/3751 388314016 
69 4149/4282/441514548/40811|4813|4946\5079!521215 345 
3270] 547856105743 587666009 6142 62746407 65 40/6673] |__| 
71] 58056938 2071204 3336469 602 735% 867 S0 133 
72 8133082668 3988531 86648797 8929 90629195327 1 13 
\ 73] 9455939725858 9991 1230256389521 5% 5 
245150782 0919 10521185131 1450 1583 121501848 980 |! = 
75] 21132462378 25112643 2776909 304103174330 5 67 
760] 3439 3571037043837 3969 41024234 4307 714499/4032 g — 
77] 7644897 50295162 5294 5427 5560 56925825 5957 683 
78] 6089 622263546487 6619 6752/6884.7017|7149|7282] 12 
A222 281294 [8076/8209 834184248 
_ 8738887 1 9003 9136 9268 940095 33 9665 9798 99 300 
81/5 160062 01950327 0459 0592 0724/0856 989 112101253 
82 1386 1518 1650 708748 2047 2180513 2444277 
83] 2709 2841973 3106238 3370502 3635 3767 3899 
84 4931/4104/4296/4428/4560/|4693! 48254057 5089 5222 
85] 53544865618 5750 5885 551565170 b 9641105543 
| 86] 6676(6808\6940|7072!7204 (12336 7469 7601 77337865 132 
87] 7997 8129826108393 8520 8658 8790 8922 905491860 || 3 
88] 9g318/9450/9582/9714/9840 997801 11/0243 0375\0507 x40 
8905 170639 077 109031035 1167 12991441 1563 169518271324 5; 
3290 1959 20912223 2355 2487 2619 27 2883 3015/3147] 5 — 
gil 3279 341103543 )3675 3807 3039 4% 4202334440 |,| 52 
92 459847304862 49945126 85558580 552215054/5785 015 
93] 59176049 5181531364456 577,0709/6840|0972/7104 |gl 119] 
94] 223572358 75002631 263 2895 $027, 8150929713432 
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W 


9000 
0682 
1697 
2712 
3727 


9705 
0783 
1799 
281 


3529 


4641 


5655 
6660 
4 


4742 
3757 
6771 


7084 
8697 


7785 
8799 


5858 
6872 
7886, 
8900! 


4844 


0275 
1291 
2306 
3321 


4235/4336 


$351 
6365 


7379 
8393 


19407 


9711 


30724 


1737 


2750 


3763 


9812 
0826 
1839 
2852 
3864 


9914 
0927 
1940 
2953 


3965 406 


4775 


5788 
6800 


7811 
8823 


4377 
5889 
6901 
7912 
8924 


4978 


5990 
7002 
8014 


9025 


15079 


9155 


I 
103 


|; 


9126 


0420 
143 


3459 
4472 
5454 
6490 
7508 


8519 


42919531 


2446 


9834 
1856 


6512866 


3876 
2 


0845) 


9935 
0946 
1957 
2907 
3978 


0036 
1047 
2058 
3068 
4279 


0137 
1148 
2159 
3169 


4180 


0542 
1552 


4622563 


3573 
4584 


Ow gon dou,  » 


2 


4 


— — 


E 


_9 


al 


— 


N. 425 L. 62 
D Pro 


N. 430 L. 633 OF NUMBERS. . (73) 
2 1[2|3[4]5s5|[6}7|8 FPro 
430063 3468547864887 4988 5089/5 1901529115 3911549215593 
oi 56945795 58965997 6098|/6199|6300/6401|6502|6603 
o2] 6704|6805|6906/7007/7108}|720917310/7411/7512/7613 
oz 771317814/791518016(8117{|8218|8319 8420/8521 8622 
04|__ 8723]8824/8924/9025\91 26\1922719328/9429/95 30/9631 
o5| 573298329933 0034135236337 385 396639 
06/6340740/0841/0942[1043/1144{|1245]1345/1446/1547|1648 
07] 1749|1850 1950205 12152 225323542455 25552656 
08] 275728582959 3059 3160 3261033620)3463 3563 366 
og] 32550386603957 4057 41680426943200447042147 77 
4310 4773487349747 5 517652765377 547855795679 % 01 
p 11] 57805881 49748075 6183062846385 846565868687 . o 
12] 6788|6888|6989/7090/7 190% 2917392 7492/7593 7694 3 300 
15 7795895996 80978197 829883998499 800 870¹ 40 
88018902 9003 9103 920411939519495 9506196079707] |5| 51 
T 9808/9909/0009/01 10'0211 0311 0412105 12/061 3/0714 , | = 
1663508 140915 1016/1116 1217|[1317]1418|1519/1619/1720 $1] 
17] 1820/1921/2022/2122/2223 2323024242525 2625 2726 91 
13] 28262927 3028 3128 3229332934335 30 363103731 
19|__ 383239534033 4134 4234|4335/4435/4536 4636/4737] 
4320 4837 4938/5039 5139/5240[|5340/544115541|5642/5742 
21] 5843 5943 6414624534446 6546 6647 5747 
22] 65848 69487049 1492505350 45055 176517752 
23] 7852/7953/8053/8154/8254//8355/8455/8556 8656/8756 
24. B8857/8957;9058, 91539259] 9359194599560: 9660/9761 
250 9861/9962/0062/0162/0263||0363/0464;0564,0664,0765 
26,6360865|0966| 1066 116601267 1367 146711368 1669/17 
27] 18691969 2001 2371 2471257112672) 2772 
28] 2873/2973 307 31317413274 (33741347 51357513075] 377 
29 387013970; 4976/4177142771(4377144731457814678/4779] [| 
4330 4879 4979 50805180 5280 53805481 55815681 578 I 
31]. 588205982 80826183 6283 33638483 658 5684 940 K 
32] 6884 6985/7085 71857289 [738617486 7586 7686, 7787 ; 
33 78877987 8087 8189 8288 838808488 8588/8689 8789] |, 
34] 8889 8989 9089 9190/9299 (9390 9490 9599 9691/9791 s 
35] 9891 9991/09 11019210292 039210492/0592/0692/0793] |, 
366370893/0993/1093/1 193/1293]|13941494/159411694/1794] f 
37] 18941994 2094195 22952395 2495 259526992795 
38] 28952995630960199329033963496½359636953796 / —ꝓ 
39|__ 389713997/4997,4197/429711439714497 2245274792 
43 4897 4997 599715197 52985398498 5598 55985798 
41] 689805998 6098 6198652985398 5498 6598 6698/6798 
4 68898 6998 7098 198729807398, 498 5598 7698 7798 1 % f 
43] 78987998 8098 8198/8298 8398 8498/3598 8698 8798 
8898|8998/9098/9198/9298[19398/9498/9598/9698/9798] | 
459898999 8098019 8298398497 597897 797 
466380897 099 0991291397 14971597 1697 17 
47] 189619962096 1962296. 239624962596 2696795 | 
43] 28952995 3095319503295 3395034953594 3694 79 
_49___ 3894 /3994/4994/4194/4294|[4393/4493/4593|4093/4793 | 
NO II J2 34 56 71 84] 9 [DiPts 


K 


NN 


LoOGARITHMS 


(74) « 435 L. 64 
Nj o | 1 | 2 8 | 9 |D [Pre 
4359/6384893/4992[5092]5 6915791 
| 51] $891]5991/60g0{6 65 6689 6789 
52] G6889|6989|7088 7587 (7687/7787 
531 7887798608086 << 15 
54 8884 8984 9084 9682 978 
55] 9882 9981/0081 10679 0779 
556390879 09108 167677 
57] 18761975075 2673277 
58] 28722972 3072 690376 
590 386939684068 4266/4666 476 
4360] 4865 4965 500 55625662 5701 
G1] 5861596006060 1775865755 
62 6857|6956/7056 7653775 
63] 785279528051 86488748 
64] 88478947 90469 24397 
65] 98429942 0041 0638 0738 
66164008 37 0937 1036 1633/73 
67] 183219312031 2627 272 
68] 2826029263025 36223721 
69 3820039204019 46164715 
43700 48149145013 5 
71 58085907 5002. 603 670 
72] 680206901 % οõο 25952695 
73] 7795 7894/7993 90/85 89/8688 
7 8788/8887 898609 9582! 9581 
75] 97819880 9979, 
760641077372 0972, 
77] 1765 1865|1 1964 
78] 2758/2857; 2956, 3055 
79 3749/3849/394814047 
4380] 4741/4540/4939]5039 525752 
81] 5733/5832 6625 
82] 6724682306 75177615 
83] 771828147913 8507/8606 
84] 8705/8805 9498 9997 
85 96969795 9894999 0488/0587 
3 „ 0785|0884. 1478/1577 
167617751874 2468 256 
2666/2765 2864 3458 3557 
3755/3854 (4447/4546 
4744 4843/4 54375535 
563457335832 66652 
67226821 751 
4/7513 
77117810 3850 
8699/3798 9391'94 
9688/9786 03791047 
0676 1367 146 
6511663 23550245 
— 3342/3441 
3038 4329/442 


. 440 L. 643 OF NUMBERS. 
o 111213141516 
440064345 274625 47244823 4922 fo 0611905218 
wo 5514561257110U58 10.5908 — 620 
02] 6500 5995698 7966895 699470927191 
7487½7585½76847783½881 298080798 177 
84738572 8670876908868 896690659163 
o5| 94599558 965697559853 9952 005 10149 
06(6440445[05 43/0642/0741108 39] 0938/1036/1135 
o7] 14311152911628|1726|1825||1923/2022|212 
os 2416025 14261302711 2810 2908 30070/3105 
og] 3401034293 5280 3696322 3893 399209 
4410] 438604484 4583468 14780 4878 49775567457 ͤ 
r 58/6257] | 93 
12] 83506453065 526665074 68476946044 14224 J 40 
13] 73397438753663 57733 [83117930 $028918127/8225) |; , 
144 83238422085 200861888717 [8815|8914]9012/9110\92 413 
15] 9307/9495[9504/960219701/\9799/9897|999610094/0192] (; 
1664502910389 048705 8606840082088 10979 1077117 518 
17] 1274137214711 5691667 1766 1864 196220610215 1 7 
18] 2257/2352445 22650 27492847945 30433144 288 
19 3249333803432. 353 803533 3231/38 303928412 
4420 4223]4321[44191451714616||4714/4812]4910|5009/5 107 
21] F205/5303054025 5005598 5696579589359 60 
22 618762800638 4648 255 8066786777687 51697 37071 
23] 71697268 3667464 562 7660758 785717955 8053 
| 24|__ 8151]8249/8348/8446|8544/ 8642/87 40]8838[8936/9035 
25 913392313299427 9525 9623922982099 180016 
26/64601 1 41021210310j0408,0507||0605)0703]0801]0899/0997 
27] 1095/1193/1291/1 39014880 158616841782 18801978 
28] 2076 17422722370 2468 256602665 2763 286102959 
29 30571315513253/3351134491[3547130451374313384113939] {——| 
4430 493714135[4233/433114429\|4527|462514723|4821/4919/\g8 of ol 
31] goi8|5116{5214\531215410!|5508/5606|5704|5802|5900| : 
32 5998050965 19362915389 64876585 5683678687900 (3 
33] 6977%075½%73½271 369 74675657663 27617859 % |4| 3 
22 82137 848 2% 883% [5] 4 
35] 89369034132 92 30328 9426952462297 209817 || 58 
35] gg15/001310111/0209/0307| /0405|0503/0601 0796 78} 
37/6470894(0992[1090\1188|1286\[1384/[1482[1579[1677|1775] [91 37] 
| 5 18730197 12069 1672264 2362 2460025 58 265662754 
92 285112949/3047/314513243||334113438{3530[303413732 
[4440 2383939280402 4123221431947 51446127 10 | 
41] 4808049065003 510101995297 5394492559568 | |} 
42] 57865883 598 609517 62746372 6% 5686665 
2863 68616959 05671547252 f 350 35478545 i= 
7741|7838|7936(8034[8131||8229/8327]8425|85 22/8620 
4 8718088 1589130901 1910892069 3049402 949909597 | | 
96951979219890/9988[0085[|018310281[03780476/0574] |. | 
47648067 1[076910867/0964/1062|[1160/1257/1355|1453|i55ol | | 
1648[1745]1843|1941]2038|[2136|2234|23311|2429]252 | | 
| 4 2624/2722/2819/2917}3015||3112[3210/3307[3405|3503 | 
[Nt e frfelglallgt6elo [81g |D/Ps]| 


 LoGARITHMS 


(79) N. 445 L. 64 
|N | o 112|13ſ[4lls[6]17 | 8] 9 | DiPro 
4450 0483600/3698/3795/3893/3990//4088/4186/4283/438114478 
51 4576/4674 4771/4869/4966||5064/5161]5259|5350[5454 | 
52) $5521$64915747/$844/$942|[0039/0137/6234[633210429 | 
53 6527 852457226582 069 17701 % 11272107 307% 405 
Do 7600 769777957892 7990 80878 185082828380 
55] 84778575 8% 87708867 896490629159 92579354 
5 94529549 9647 97449845 9939 0701342310329 
57649042605 24062 10% 1908 1609141011108 120601303 
58] 140114981595 1693 179018881985 2083 218002277 
59 23752472 2570 2667 2764 [2862/2959 305631543251 
450) 334913445 /3543/3641[3738| 3835, 3933/4030/4128/4225 
G1] 4322 14204517 46194712 48 994 4306|5004/5101|5198 
62] $5296]53935490'5588/5685| 5782 5880(597 7/007 4/6172 
63 52696306 6463 656106658 (6755/68 5369500477145 
4.224 7339743283475 222878252923 89208117 
65 8215083128409 8506864 8701 8798 8895/8993 gogo 
66 91879284382 9479/9576, 9673 3 97719868996 5/0062 
5265001657545 548 645743 0840937 103 
68 1132[1229/1326 1423, 1520, 1618/1715/1812 1909020 
69 2104201 2298 2305 2492 2889 268727842881 2978 
qe 30753172 3270 3367/3464 35611365837 5538523950 
21 4047 414442414338 4435 4532 4929 4727 4824/4921 
72\ 50185115 52125309, 5400, 55030 518528 579515892 
| 73] 5989 '6086 6183/6280 6377/ 64746571 6669/6766 6863 
74 __ 0960/7057 7154 7251/7348! 1744517542 263977362833 
75 7930) 8027 81248222 8319 3416 8513/8610 8707 8804 | 
76] 8901/8998 9095 91929289 9386 94839580 9077 9774 
| 77] 9871/9968 00650162 0259/0356 0453 5500647744 
78.65 10841 0938/1035] 1132/1229, [1326 1423/1520{1617|1714 
79 1811119082005 2102 219 2295 23922489 258602683 
e 2780, 77 20743713168 3265336234 59358663653 Fo 
81] 374938463943 49404137 42344331) 4428/45 25/4022] 9 
\ 82] 47194815 7972599 51% 5203 5300 5397 5494590 f 1g 
83] 568757845881 5978 6075/6172 6269 63656463 6559] hal 2s 
| 34\__ 665667530850 094717943/|7149/723717334743117528] . 38 
857 7624 77217818 7915 8012 81098205 53028399 8496 — 
de 8593/8690/8786 3883 8980 9077 91749279367 4% |:| 6 
87 95510/9657 9754985 19948 0045/0141/0238/0335/0432 i 77 
86520528/0625/0722 0819/0916 1012/1109/1206|1 30311399 86 
1 14961593 1690 17861883 1980020 7612327002367 
4490] 2453 2560 2657754 2890 29473044314032373334 
9 343483878362437203817 3940147020401 
| 92 4397 44944591488 4784 (4881(4978/5074/5171/5268 
93] 33544515558 5654751 5847 5944641137234 
| 94 331 642765240 216717 6814/6910{7007 7104/7200 
95] 729717394/7490 587 583 7780/7877/7973/8070/8166 
\ 96] 8263083608456 85538649 874688438939 90369132 
9 922993259422 95199615 9% 12 980899 o s 
98065 30195/02910 388 0484058 1 |0677)0774\0870(0967|1063 
99] 11601256 135314501546 1643739183619 32ʃ 2029 
N22 1121314 zs. 


* 


— 


N. 450 L. 653 OF NUMBERS. 77 
o [1:1|ſ2|3[4ſ[5s|6]|7]8]|9g |[Dſ[Pro 
450065 32125/2222[2318[2415|2511||2608|2704/2801|2897/299 | 
O1 309031871328313380/3476(|3573/3069/3765|3862/3958 
o2] 4055415124843 444444537 4634 47 39/4827 4923 
o 5019116212 530940 5525985695 57915887 
o4] $984/6080/60177|627 3/6369 6466 0562 8659 0755/6852 
o5| 6948[7044/7141|7237|7334|/7439]7526/7623|7719/7815 
06] 7912800808 105820108297 8394 8490/8586 868308779 
o7] 2387689729068 916592619357 9454955096469743 
08} 9839 9935 0032012800224 o 321041705 130610009 
09/65 40802|0899/0995/109111188 12841380 1477|1573/1669 
4510] 1765|1862|1958|2054/2151||2247 2343/2439 2536/2632] [——4 
11] 272802825 292130173113 321003306 340234983595 17 | 
12 3691/3787/3883/3980/[4076||4172]4268/4365|4461/4557] f 
13] 465347504846 4942 5038 5134523153275423 55190 [if x 
14 5616|5712|5808{5904/6000/ 6097 0193/6289 6385/0481 3 
15] 6578/6674/6770/6866 5952 7058/7155/725117347/7443 : 
16] 7539 7935 773278287924 802008 116821208 3098405 4 
17 85018597 8693 789 8885 89829078 917427366 fe + 
18. 9462/955819655/975119847|/9943]9039101351023110327 
1965 5043 52000515 ο²ο |0904/1000/1096/1192/1288 
4520 138414801577 1673 1769 186519612057 2153 2249 | 
— 234524412537 2633 2729 2825 2921301731133 210 
22] 3306 3402 3498 35943690 3786 388203978 404470 
23 4266143 52/4453/4554 4650|4746/4842/4938/5034/5130] 6 
24 226|5 32254185 514|5610||5 7065 802/5898/5994/6090 
25 618606282 63786474 6570 6666 676206858 69547050 
26] 7145½243377433½529 7625|7721/781717913/8009| 
27] b 820162978393 6489 8585 8681877668796 
28] 90649160 9256 93529448 9544964097 36 9831927 
2965600230119 02180311 0407, ooo og 929880 
4530] 0982[1078/1174/1270 1365| [1463 155711653/[174911845] — 
31] 1941120362132 2228/2324 [2490 2516(2612/2707|2803] | 5 
32] 2899/2995 3091/3186 3282 33783474 3570366603761 - 
33] 3857395349 454 [4336/4432/4528/4024/4719] |; 29 
34|__4815/4911 5007/5103 5198 (529415390|5486/5 58115677 3 
35] $7735869|5964,6060/6156/[6252]6347/6443|65 39/6635 2 
3 6730/6826 6922 701871132097 305 7401 74967592 67 
37] 768877847879 79758071 8166 8202/8358 8454854 76 
380 38645/8741/3836 8932/9028|[9123/9219/9315/9410/9506] [pl 86] 
39. 3602 96989793 9889 9989 (0080/0176,0272/036710463] 
[4549/6570559/0654/0750/0845|0941| [1037/1 ag 13240141 
41] 1515/1611706 1802 189819932089 218422800237 
42] 2471/2567/2663/2758/2854/|2949/3045[3141[3236/3332 
43] 3427/3523/3619/37 14/3810/ [3905/4001/4096/4192 
44 __ 4383/4479/45744670/4766/ |486114957]5052]5148 
45 $33915434/5539;5626/5721||5817|5912(6008|6103 
629416390 6485/0581 66766772 5 7059 
47] 7250/7345|7441(7536|7632||7727|7823/7918|8014 
205.8 30008 396 849108587 86828777 887308968 
4 27599255 9359/944619541| [9637 9732982819923 
NICI 


C78) _ LoGARIiTHMS Ni. 455 L. 658 
Nj o |ril2|3[4||s[6[7[8]9 |DPro 
45 5065 80114/0209/0305|0400/0496||0591|0687/0782!0877|0973] | 
51 1068 116412591355 1450015451641 17361832 1927 
5 2023/21 1/2213 23092404 250025952690 278602881 
53] 297730723 1673263 3358034533549 3644374003835 
＋2323040264121042164312 440% 45024598 46934788 
55] 48844979 0745170526 53614 565515647 7762 
5 5837 5932/6028 5123621863 146409 5504 6600] 695 
57] 6790(68866981]7076/7171||7267|7 3627457/755317648 
58] 774378387934 80298124 822008315 8410/8505 8601 
2 8696/8791/3886/898219077|[9172/9267|9363 9458/9553 
45 9648/97 44/98 39/9934/0029||0125/0220/0315/0410/0506 | 
61/6590601/0696/0791|10886[0982||1077|1172 12671362 1458] 95 
62 1553016481743 1838019342029 1242192314410 * 
63 250526002695 2790885 2981 3056 1710326603610 „ 
8383847243837 2242221810 |4| 3 
| 65] 44084530598 45934788 4883979 574 7169 2% f 45 
67 55954545549 564574 583579305025 61 20062150 565 
1 63106405 650065956690 678606881 6976/7071 71660 [8] 16 
| 68] 7261[7356(7451|7546[7641||7736|783117926/8021|8117] |o| 8 
69] 8212883078402 84978592 868787828877 8972906 | 
4579] 916292579352 9447542 963797 329827 99220017 
71066001 12/0207/0302/0397\0492||0587|0682/0777\0872|0967| 95 
72] 1062/11157|12521134711442||1537|11632|1727|[1822|1917 
73] 2012|2107/2202|2297\2392||2487|2582 2677/2772 2867 
74 ___296213057|3151[3246!33411[3436|3531|3626/3721|3816 
75] 391114006/4101/4196142911|438614481/4575 4670/4705 
70 4860/44955|5050/5145|5240||5335|5430/55245619157 14 
7 5809/5904 999 094189 628437806473 6568 6663 
7 G67586853/0948/70427137/172321732717422,75171761 
7 220678017896 79918086 818182758370 8465085 
4580] 865508750 884489399034 912992249318 941395860nꝗ/n/%¹g 
| $1] 960396989793 98879982 0% % 2026603610456 94 
826610551 646 040083609 zo 1025112001214 13091404 11 9 
1 83] 1499 1593/1688 17831878 197202067 2162225723511 I 
2. 24452542036 273902825 2920 3153109320429 |3 he 
8 3393/3488/3583/3678|3772/[3867/3962/4056/415114246| |5| 4 
ö 424013775, totes dose 135 4 
| 28753825477 5571566 57615855 52500451390 „ 
wr . 642365 18666 136707%6802 6897 6991 7086 , 35 
82 __7181172751737917464/755911705417748[7843(7938[8032] |— 
45 8127/8221 83 168411085059 8600086958789 88848978 
19 907391689262 93579457 954640 973598309924 
9266200190113 0208030300397 0492 0586/0681775 0870 
93 0964/1059}1154/1248/1343/[1437/1532[1626/[1721|1815 
1 94 _ 1910/2004/2099/2194\2288||2383|2477|257212666|2761] | | 
95] 2855|2950/3044/3139/3233|[3328[3422[3517/3611/37 = 
96] 38038953989 40844178 4734367 4462 4556465110“ 
97] 474584904934028123 $217 5312|5406|5501|5595] | - 
59 5690/5784/587915973/0067|[0162\62561635116445/65 | 
29 55345729 6823059170 012 2100201 295 2389 484 
Nl o jrj2lg3l4lls e 


92 


8 
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63] 7432530618 709779 7880968805 58 1438230 26 
54 8318840f58493 8580 8668 8755 884389309018 10% (35 
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38] 7941 8026 8110 8195/8279 8364844 853386178702 
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79] 2459 2543 262702211 2795ʃ/KZ87 802962304603 13003214 
5180 32983381/3465/3549/3633|[3717|380113884/3968/4052| —— 
81] 41364220 1304438747 15555397318 060489 | 54 
| | 49745058 51425226 3093935477 55610564557288˙¹¹v1U 
83] 5812 5896/5980|0063 6147623 1063155399 648265660 |, 
84] 6650/67 34/6817/6901/6985117069/715 3]7236/7 32017404] |4 
35] 7488757117655/77397823/17906/79908074/8158/8241 : 
7 


8 8325 8409/8493 857070000 8744/8828|8911{8995|9079 
87] 916292469330/9414/94971|95811966519749/9832/9916 
* 083 0167 0281/0335 0418|0502|05 86|0669ſ07 5 3 

0837/0920/1004/1088/1171|[125511339/1423/1506{1590 
5190 167411757/1841|1925|/2008||2092|2176|2259i23431[2427 
gi] 251025942678 27612845 2929030120 309631803263 
92 3347/3430 3514 3598/36811376513849/3932/40164100 
93| © 4183/4267/4350/44344518][4601]4685/4769 485214936 
924.0195103 5187 $279\53541[5438|5 521 5605. 568815772 
g5| 58565939 . 6106 6190 6273 6357 6441 ED 


98 56916775 6859 6942 7026 109193 7276 360 
97] 7527761176947778 786107945 802981 12 8196 
98 8363 8446 8530086138697 [8780 8864/8948 90319115 
99! 9198/9282 935594499532 96169699 9783 986619950 
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5250½%201593/16761758 184101924200 2089ʃ z 172228 5ʃ2337 | 
2420[2503\25861|2668|27511\2834]2916|2999|[3082|3164 
3247333003413(3495½3578 366103743382603909 3991 
40744157 42394322 4405 [4487145701465 31473514318 
42014983 85681498231 531453975429 5852 8645 
57275810 589269756058 — 6306638806471 
6554563667 19801 6884 69 717049/7132|7215 
73807452545 7628 7 1079 7875 88041 
8206/8288 8371 845485368619 87848867 
903291149197 92799352 94459527 95109592 
9857 9940/0023 0105/0188! 0270/0353\0435 
721068307 6 0848/0931 1013 1096 1261 
15081591 1674 „ 1839 1921 2086 
2334/2416 2499/25 112664. 2746 2911 
23241 3324340663489 3821358423 
39844066 4149 42314314 439644794561 
480948914973 50566 138 8221 5386 
563315716 $798 5880 $993 6045 6210 
545865406623 67787 6870952 7035 
__ 72821730417 447|7529]70121|76941777717859 
8189 8271 8353 343585188601 8683 
9013909597796 93429424507 
9836 99190001 06e dee 
66007420825 o [09g90[1072/1154 
15661648 173101873 1895197802060 
230712389 24722554 26367 192801 
3130,3212/3295133771(345913542 3624 
395 3/4936/4118 4200 428243654447 
469447764858 4941 843 510556188 52705352 5434 
925581 87635846 59285010 60926125 6257 
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2093/2175 2257/2340 2422 25045852668 
29142997 3079 316103243 332534073489 
373638183900 398204004 414622804310 
455746394721 (4803 5. 496760495131 
537854505542 5624706 578858705952 
6198652806362 6445 660 116773 
701971018183 2265 234724292511½593 
78397918003 808608 167 8258833284148 
866008742 8906 907091529234 
948019562 9726 i19899199721[005 4/0 
7240 3000382046405 46 0710/079210874 
1120/1202 1365 1529161116931 
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"$30 L. 724 OF NUMBERS. 
NI o 1ſ2|3|4|[$[/0|7|83. 
300/7242759|284112923|3005[3086| |3168[3250/3332/3414 
255 35780366037 4238 249063988 4070 15114233 
o2| 439714479/45911464 3/4725 4807488914971 5052 
oz] 5216152985 380\5462 $544 5626 $70815790 5871 
o 603516117 51990628 156363 644555 26,6608|6690(16 
oy 68546936/7018|7099/7181|\7263/7345|7427/7509 
ob] 76727754783679 1808000 808268 16482458327 
o) 3849108573865 508736088 18 89008982 90649145 
o 8930993914735 559636 97 1898009882 9964 
09/725012710209102911037 3/9454| 05 36/0618{0700j0782 
53100 og45|1027|1109/119111272||135411436/1518/1599 
11] 176318451927 20082090 21722254 23352417 
12] 2581/2662 274428262908 2989307131530 3235 
13] 33980248003 562036433725 38073889397 4952) 
14 42161429714379/440114542|14624/4706/4788/486g! 
15 $033/5114|5196|5278]5 360/|5441/5523/5605|5686 
16] 585005931 7 617606258066340 64225503 
17] 66575748068 3069126993 707571577238 ·320 
18] 24832565647 3728½28 190892 2973 80558137 
19) 3830083828463 8545882 87088790887 18953 
320 91169198 92809361443 95249606 9688 9769 
21] 993 300140096017 70259 0341 0422/0504/0585 
227260749008 30 09120994 1075 115% 1238132001401 
23 1565164617281809 18911973 205421360217 ½299 
24 23802462 254426252207 278802870295 13033 3115 
2 3196327833793440522 3643685 377 3849 3930 
2% 491214093/4175/4256/4338 [4419/4501/4582/4604/4745 
27 4827/4908/4990/5072/5153||5235|5316/5398/547915501 
28] 5642572480588) 5968, .6050/613116213|6294/6376 
29 6457 539/6620/6702|6783| 6855 6946 702871097191 
5330 7272/735417435|7517/7598|[7679/776117842/7924/8005 
31 80878168 82508331 8413 8494 3576 8657/87 39/8820 
32] 3901898 390549146227 9309 9390947295539634 
33 971697979879 99600042 01 23,02040286/036710 
3472705 30006 120069 307740856 0937 1019 1001181 1263 
35] 1344 142611507 1588/1670 546183301914 19952077 
36] 2158/2240232 124022484 2565 2647 2728 28092891 
37] 2972 305331350321603298 3379 3460,54 36233704 
38 3786/3867|3948/4030/4111),4192 4274/4355|4437/45 1 
39|___4599/4681/47621484 3/4925 800 5087 51698280331 
5349 $41315494/5575|$65715738|[5819/5901/5982/6063|61 
41] 6226|6397|6388|6470[65 5 1663267 1457956876695 
4 70397 120 220/2832364 2445 75277605 
43. 7852/7933|8014/8096[8177 S888 5398421 
4. 35547458827 8988990 90191829233 
45] 947755896407 2180498839965 0045 
4% 2802900 110452105 3310614! (0696/077710858 
47] 1102/[1183|[1264/1 34611427] [1508|1589}167 
48] 1914{1995|2076|2158|223 (2320/2401 2482 
4 2726|280712888|2970[305 1 2 32130329 
N erfrleſziallslely 


1(94) LoGARITHMS N. 535 L. 72 
NI o 123405 67819 D Pro. 
535072835383619 370037803863 39444025 41064187 4268 | 
$I] 43594431145121459314674\|4755|4830/4918/4999/5080 
52] $161 ng 5323540486 55675648 572958105891 
53] - $972 4613502165297 6378459554062 16703 
54 67841686; 6946\702717108|[7189/7270/7 3511743317514 
55] 759576767757 78387919 S0 808 108 16282448325 
56] 840608487 856808649087 30088 1108892 897390549135 
57] 2159299 9379945054 6229739784854 
| 58/729002710108/0189(0270j03511|0432{0513 594625 0757 
5 os 38 0919 1000 1081011620 1243/13241405/148601567 
53 16481729 1810189101972 205 3213422152296 2377 3 
61 245825 39 2620270102782 2863294430253 1060318781 _ 
62] 3208/3349/3430/3511|3592|!3673[3754/3835|3916|3997] 5 
63] 40784159 4240432104402 4483045644645 72648 |.| 2; 
_64| _488814969|5050/5131152121||5292/537315454/553515616} [4| 33 
o 5697 5778 585959400602 161026183 6264634564260 |3] #? 
50755886669 6749 68 30 69110992 30 15472350 655 
67] 7316739747875 59647 2178078827963 8044 66 
68] 8125|8206|8287|8368[8449!|85 30]8610|8691/8772|885 3 74 
69] 823421095172 9258 933809499881 9662 
537% 97439824 9995(9985/0066|[0147|0228/0309/0390/0471 
71/7300552[0632/071310794/0875|l0956[1037[1118}1198/1279 
72 1360/[1441/1522/1603|1683||1764/1845|1926|2c07|2088 
73] 216802249 2330 241102492 25732653 273428152896 
24 2977203057 3138321903 300 3381034513420 3623 3204 | 
75] 378513865|3946/4927]4108/[4189/4269/4350/4431/4512 | 
76] 459314673/4754/483514916|\4997|5077|5158[5239|5320 
77] $400(5481|5562|5643/5723/|5804/5885|5966/6046/6127 | 
78 2086289 6369 0450 6531661206692 67736354 6935 | 
79 20157992177 22582338 2419 881766142 | 
538 78237903 79848065 8146 8226083078 388 8468 88440 
81] 8630/8711 8791/8872 8953 903391149195 92769356 rp 
82] 9437/9518/9598 9679/9760, 9840/9921 0002 0082/0163 + 
$3/7310244/0324/0405/0486/0567| 0647/0728/0809/ 0889/0970 
84 1051/1131 1212/1292 1373;[1454/1534/1615 169611776 | 32 
85] 1857 1938 2018/2099/2180,|2260,2341/2422|2502/2583 " 
86] 2603/2 7442325 2905 2986 30673147 322803 309 3389 59 
87] 347033550 3631/3712 3792 38733953403441154195 65 
88 427643564437/4518/4598||467914759/4849/4921|500t| pl 73 
89 5$082|5162|5243|5324/5404(5485|5505|15646|5727|5807 | 
53 2 5958 60496129 6210 6291063716452 6532/6613 
gi] 6693 6774/5854/6935 701670967177 7257733874190 | 
92 7499/7579/7660,7749/7821/|7902/7982/8003/8143/8224 | 
93] 830448385 8465/8546 3626 8707 87878868 8948 9029 | 
94 _ 919991999279935119451 951219592/96731975 3/9834 | 
95 99495 0886 6023603170397 947819558 063 ö 
732071910 8008660985 11041/0/11221 2021283136301 
97] 1524 _ 1685|1766|1846||[1927|2007/2087|2168|2248 
98] 2329/2429(2499/2579[205 0273102812 289229723053 
33332143224 2 38 3516.36963777)3857 } 
[No [rfelglells 63 T8 19 [DIÞs 


| IN. 540 L. 732 OF Nun BERS. (95) 
NIA 9 |D jPro 
5400/7 32393814018/4098[4179/4259|[4340/4420/4501/458114601 

on] 474214822/4903]4983|50631|5144/5224/5305|5385|5465 
o2| $5546|5626|570715787|5867/|5948/6028/6109/6189|6269 
03] 6350643055 1005591667 175268 3269126993 7073 
og) 7153223473142324ZAT1 22538Z22152792892877 
79578037 811881988278 8359843985 1986008680 
o6| 8765088410892 190019082 91629242 932394039483 
o7| 9564964497249809 9885 9965 00460126 2060287 
08/7 330367|0447|0527|0608/0688!|0768/0849/0929/1009/1090 
og] 1170j1250/1330{141111491[1571 1652/1732/1812/1892 
5410] 1973|2053/21332213/2294/[2374/2454/2535|2015|2695 
11 2775(2836/2936|301613096(13177|325713337|341713498} | 59, 
12] 357813658|3738/3819|38991[3979/4959/4140/4220/4300] 6 
13] 4380[4461[4541/4621[47011|478114862[4942/5022/5102] |. 
14. _ 5183|5263|5343|$423|$503|\5584/586415744/5824,5994\ [4] 32 
is| 598560556145 62256305 63866466 6546 66260667060 5 — 
16] 578768676947 707 107% 182687 348 7428/7508 1| 56 
17] 758876697749 7829 79097989 8069,85 15082308310 fe 6, 
18] 8390084085 50 8630 8711087910887 1895 190319111 912 
19 91929272 93829432212 9392982222283 Ü | | 
5420] 99931007 30015303303 130937546347 14 
2117 340794{0874/0954/1034/1115)}11g95)12751135501435)1515 
22] 15951675 7501835916995 1562236 2316 
23] 2395/4765 56.263627 1627962877957 30373117 
244 319713277(335713437135171135971397713757133713917] 
25 39974077 415842384318 4398044784858 46384718 
26] 4798|4878/4958[5038/5118||5198|527815358/5438/5518 
27] 5598 5678 5758 583805918 5998/6078 8158623806318 
28 53986478065 58 6638|6718||6798/6878 6958/7038 7118 
291] 7198/7278|7358|7438/7518|[7598/76781775817838/7918 
543 7998|8078|81 58/8238/8318||$398[8478 8558/8638 = — 
31] 8798887808958 903891189198 9278 93589438 9518 19. 
32] 959896789758 98379917997 % 707377 f us 
33/7350397/047710557/0637107171[0797108771095711036/ 1116] || 
34] 119611276\1356/1436|1516 1596(167611756(1836|1916 32 
35 1995 2075 2155 2235231523950½47 8555 6357150 (645 
360 279428742954 303431143194327 4335434343513 fs 
37] 359363673037530(383 30391303993 407 3/4152/4232 431 63 
38] 4392/4472|4552/4632/47 111147911487 114951/5031/5101 KL 
39 5191/5270|5350/5430|5510|[5590!5670157491582915 
[5440] 5959 5091492286308 6388 646865 48 6628 670 
40 2787 6807694027 107][7186/726617346/7426175 
42] 75857665 745% 829905984 8064144822483 
43] 338308463085 43086238702[8782 8862 894290229101 ö 
444 9181926109341 9420/9500 95809660 97409819098 
45] 9979/905910138/0218/0298[[0378/045710537/061710097 
46|7 360776|0856\0936/1016/1095[1175}1255 —.— 
47] 1574ʃ1653ʃ173301813 189319722052 2132 22122291 
48] 2371245 105 3002610269027 702849929 3009308 
49. 3168[3248[3327|340713487||3567|364613726/3806/388 
NI o 1 2 j Meere 


(96) Locartt HMs N. 545 L. 136 
©9111 21 4 I «4 n 9 D Pro 
5459/7 3639054045 4124420442 84/4363 4443452304648 | 
51 476248449210500 160806 160½524053 195399547 
52] $555815638|5718|579715877||5957|0036|6116|6196|6275] | 
53] 635566435065 1465946674 6753683 3069126992707 
54|__715117231/731117390[7470|[7549/762917709/77887868 
55] 794880278 1078186082668 34608425 850585 848664 
56 3744/3823 8903|8982[9062}[9142/9221/9301/9380|/9460 
57] 95491961919699/977819858/[9937|0017|0097/01 760256 
58/79703351041510494/05741065 4 [07 33/081 310892/0972105 1 
590 1131|1210|1290|1370[1449)|1529/1608[1688|1767|[1847 
15460] 1926{[2006|2086|2165|2245|[2324/2404{2483|2563|2642 9 
61] 2722428010 881½960 3040 31193 199032780 3358034377 ||. 
62] 3517359603676375503835391439 9440744534233 424 
63] 43124392247 145504630 470947894868 494805027 32 
888248 88 2488 25 
65 5902 59810606 1066140%6220 629963780645 865 37661) |, — 
66966776685 56935701409 4717372527332½7411 64 
67 7491570765077 297808 78887967 80478 12608206 72 
68] 8285[8364/8444/85 238603 868287620884 10892009000 I. 
69] __ 9079/9159/19238[931719397||9476195 56196351971419794 
547 987 31995 310032/0111/0191}|0270/035610429/0508|0588 
7117380667 074710826j0905|0985||1064/1143/1223 1302 1382 
72] 146111540[1620|1699/}1778||1858|[1937|2016|2096]2175 
73] 2254233424130 2493 2572265 102731028 100288902969 
24 34831223207 32863355 3445 524.350303583 3762 
75] 384139214 942384317 439644764555 
7 3447144793 4872495250315 110519052695348 
77] $42715507/5586|5665|5745||5824/590315982/6062/6141 
78] 0220 630000379 645806537 66176696677 568 546934 
29. 2132092 122 251 23302409 489286802647 22206ͤä⁴ ⁰— 
5 78067885 7964 8043 8123 82020828 108 360844085 19 79 
81] 889808677 87 5088308915892 907315932911 5 
82] 9390/94709549/9628/9707|197861986619945[0024/0103] ; 
83% 390182/0262/0341/0420/0499||0578/0658|0737|0816[0895] 4 34) 
84] 097410541133 1212129101370 145015 29160801687 |s| 40 
85] 17661845 19250042083 2162241032140 470 |, 
86] 2558/2637/2716/2796/28751/2954/3033[3112/319113270| (3 77 
87 3350 3429 3508 3587 3666 3745 382439043983 40620 l 11 
88] 1290499478 5804537 46161469514774/4853 
89] 4232 50110091 $179 5249 5328|540715486/5 56515644 
54 5723|5803/5882|5961/6040/|61196198|6277|6356|6435 
g1] 531458945673 6752 68316910989 08147 72 
gz] 7305½384½ 43543 7622 701% 7808597938801) 
93 909581758254 8333/8412 8491|8570|8049(87 28/880 
94| _8887/8966/9045|9124/9203||9282/936119440/951919598 
9577 97509835 99149993 [0072/0151/0230/0309/0388 
4004670546 0625 e og oοiiον,S]:og 17879 
12571336141514941573 1652/1731 181001889 _ 
2047 21262205 228423632442 2521260067975 
2837 291602995 3074315 3||3232/331113390(34691354 
az 


F. 550 L. 740 OF NUMBERS, | ( 
Nj © 1234 | LIES 
5500[740362713706|378513804/{3943[[4022/4101/4180/4259/433 
a” $ 4416(4495|45741465 3473248 1148904969 5048 512) 
02 3206|52851536415443|5522||5601|5679}5 7581589715916 
oz 5995/6074615 3|6232/6311||6390/6469|65 48/6626,6705 
oz| 57846863594 20212100179 2288 23322482494 
— — 
0 737652773178 107889 596880478 125820482 3 
— 5562 8441085 2085990 86780[87 5606883508914 8993 9072 
07] 915192309 30893879466 9545 96249703 97829860 
08] 9939|0018[0097/017610255110334/0412[0491/0570 0649 
09/7410728|0807|088 5109641104 1122 1201/½12801358 1437 
— | 
10] 1516{1595/1674/1752|1831]|1910}1989|/2068/2146/2225] [——| 
* — 238324622541 2619 2698 2777 28562935 3013 11 
12] 3092 3171032503328 3407 3486/3565 364413722 3801 « 
13] 3830/395914037/41 10/4195 4274/4353 443145104559 3] 23 
14] 4668 47404825 49044983 eee 1 2 
15] 534558345513 569157798849 59 280066085516/ 47 
18 5 6321/0400 0479/9557 6636/6715 6794/6872 6951 uy * 
17] 7030/7109]7187/7266/7345||7423/7502 758117660,738 8| 63 
13] 781778967974 805 3/3132 8210/8289 8368 84478525 gf 71 
19] 86048683 8761088408919 8227202 915519233/9312 _ 
20] 9391/1946919548/962719705||9784,9863/9941/0020/0099 
9 7420177/0256j033510413/0492||057110649}07 28 08070885 
22] 0964/11043|1121|1200/1279||1357|1436|1515 1593/1672 
23] 175018291908 1986/2065 21442222 3013792458 
24] 2537 2615/2694 2773285 10/930 300803087 3166 32 
25] 3323/349113480(3559/3037([3716(3794|3873/3952 403 
26 4109/4187 42664345 4423 4592/458014659/4737 481 : 
27] 4395/4973|5952|5130,;5209||5288'5 366|5 445 $523/5002 
28] g5680/5759/5837|5916(5995|[6073/0152|6230/63096387] | . 
29] 646665446623 67026780 685969 377016947173 
[7880/7958] — 
30 7251 2330%½408 487 565 6442722801 5 
45 8037811581948 27208351 8429/8500 8586 $665 0743 7 
32] 882289008979 905791369214929337 1945095280 |, 5 
33] 950% 96859764 984299219999 duden 3] 23 
34/7439392(0470/0549/0627/0705| |0784,0862|0941\10191109 4 J 
| 35] 117611255 1333/1412 1490|[1569|1647|1725j1804/1882] 647 
36] 1961203921180 21962275 2353/2431025 1005880266 F 73 
37] 274502824 2902 298103059 3137321603294 3373 AKI |8| 6 
| 33] $3530/3608[3686/376513843|[3922|4000[4078/4157]4235] [91.79 
| 39]__ 431414392 4470/4549/4627 4706 4750420496 _ 
$549] 5$098(5176/5254\5333/5411|[5490[5568|5646|5725|5803 
F 41 5882/5960 6038/6117|6195} 62731635 264300650865 87 
; 42] 6665,6744/6822/6900(6979; [7057]7135|72141729217 37 
« 43] 7449,7527|760517684/77621[7841(791917997]8076|815 | 
1 448232 83110838 9084678546 862487020878 1088598937 
15 45] 901699949172 92809329 5407 9489956455427 
8 46] 9799 9877 9958 04% 12 O9 % 8% og 
I 47|7449582|0660|0738|0817}0895] 973105 1113012080128 
4 48] 136511443{1521|1599|1678 1756 1834191219912 
120. 2147222603042 382 24602539 2617/2695ʃ222 3028522 
Nl o IIZ CI nner 


(98) LoGARITHMS 
Nj o j[iſ2l3|[4ſſs|6| 
555917442930/3008[3086/3165/3243]|3321|3399 
510 371237916386903947 4025 (103182 
52] 4495 47346514729 4807 48864964 
| 53] $2771$3551$433|5511|5590\15668|5740 
54] 6059/6137/0215|6293/6372/|6450/6528 
| 55] 6841691916997[7075/7153||7232/7310 
56% 7622/7701777917857/7935||8013/8091, 
57] 8$404/8482{8560/8638/8717|\8795|8$7 3 
53] 9185/9264/9342(9420/9498| 95769654 
59|___9967/0045|0123/0201/0279| [035710435 
550 7450748/0826/0904/0982|1060] 113801217 
I 


1529 16071685 1763 184109191998 | 
62] 2310038824665 44 2622 27007780 285629343013 |] 
63 309731693247 3325 3403 3481035590363237 15037933 ; 
64] 38213940122 41054183 4261043400418 449645244 4 
4652 47 300480848860 4964 5042 120198 52765354 |5 
56 $5432/5510/5588/5666/5744/|5822/5900/5978005616134| »g |, 
67] 6212662906368 6446/5524 6602 668067 5868 36069144 |8| 6; 
68] - 6992/7070[7148|7226/7304||7382/7460/7538/761617694] [gl 11 
| 


69 777278 οεοõSE 8162082408 31808 3960847 
15570] 8552 863008708 8786/8864 8942 9020 909891769254 

4 | 933294109487 9565 964397219799 877995 519033 
72/7460111[0189{0267/0345,0423||0501)0579/0657]0735/0813 
| 73] c890ſ0968|1046|1124/1202||1280|1358/1436|1514]1592 
74 1670[1748|1825|1903/1981]|2059|2137/2215]2293/2371 
75| 244925272605 2682 276028380 2916029943072 3150 
76] 34253063383 3461353936473895077385½929 
77] 49064084/4162/4240/4318/1439614474/45521462914707] 
| 78] 4785]4863/4941;5919/5097||5174/5252/5330/5408|5486 

79] $564156411571915797|58751||595 3/0031 5208617895264 
5580] 6342|6420(6498/657 5/665 3/|673116809/6887|6965/7042] — 

81] 7120/7198/7276/7354/74311|7509/7587|766517743 5 | 


82] 7898797680548 132821008287 8365 8443 85210859 
83 367687548832 89108987 90659143 92219299937 
84. 9454/9532(9910/9687/97651198431992119998/0076/o1 5 
8517470232(0310/0387 0465|0543||0621)0698}0776}085 4/0932 
86] 100g/1087[1165|1243/1320[|1 39811476 1554 1631/1709 
87] 178711864/1942/2020|2098||2175|2253|2331/2409|2486 
88] 2564264202719 2797/2875 295 30303003 10803 18603263 
89 33413419497 774.3552 37308072885 3963 4040 
5590] 4118419627343 5 14429 45075844662 4740817 
9 4895/497315050(5128]5206/[5283/536115439]5516|5594| 
| 97 $072 $7491$32715905|5982) (6060/61 38/6215/6293/6371 
44865 2666030668 1067 59 68 36069 1469927069 147 
124 722517302/7380,7458[7535|[7613/7690[7768|7846/7923 
| g5} Soo1j8079 8156/8234 8311]|18389/8467j8544/862218 
96 $77718855/89329010190871191651924319320/939819475| 
97] 9553/963119798/978619863/19941/00191009610174/0251 
9817 43032910407[0484/0562[0639|[0717/0794/0872[0950[1027 % 
99 110511182 12601337 1415|[1492[1570[1648|1725|1803 


unn 


I 
2 
3 


NF. 360 L. 748 Or NUMBERS. (99) 
b SAEED SS HF CHE EM 9 | DiPro 
5500 748 18801958035 1132190268 23462423 2501578 

011 265602733 28110288802966030430312103 198032763354 

2 34310359935863664374 3819389603974 40514129 

03] 420614284/436114439/4516 [45944070 474948260490 

4 .— 49811505915 3808148299 8528488248015879 

0 7565834591159 89 06066 6144622106299 663766453 

68 830 5508 6686067636841 6918/6996 7073/7151 7228 

07] 7396/738317460/7538/7615|\7693/7770/7848/7925[8003] . 

0 808008 157 8235083128390 8467 8545 86228 57777 

2— 884893 9099 99829164 92429319 9396947419551 

5610] 962997069783 9869938 ,0016/0093/0170j0248 0325 

11/7490403/0480/05 57/0635/0712 0790 0867/0944|1022 1099] 
12 117/254 13314091486 1564 1641/1718j1796[1873 

13] 195020282105 2183/2260 '2337|2415|2492/2569|2647 

14] 2724280112879 2950/3934] 3111/3188 3266/3343 3420 

„ 34983575/3652/3730/3807| 3884/39624039/4116/4194 

16] 4271/4348/4426/4503; 4580 4658 4735 481 2 4890 4967 

7 5044/5122/5299/5270 5353/543115508!5585|5663/574 

18] 581758955972 6049 6127 520462816358 6436065 13 

19 5590 566865745 6822 6899 6977 7054 7131:7209/7286 
5620] 7363/7440 75 18/7595 2672 7750782) 7904 7981/8059 

21] $136 8213(8290,8368 8445 8522/8599 8677 8754 8831 ö 

22 908 8986 90639140 9217 9295 9372 9449/95 26/960 

23 968197589835 99139990 (0067, 01440221 0299 0376 

24750045 3/05 30,0608 0685 o os og16 0994 1071|114 

25 1225/1302 1380014571534 (1611/1688 17661843 192 

26] 1997|2074/2152 2229/2306, 2383 2460 253802615 2692 

27] 2769846292400 30783155 3232 3309 33873454 

28] 3541/3618369503772 3850 3927 4004 4081 4158 4235 | 

29|__4312/43994467/4544 4621) 4698/4775 4853493915 
5630] $084/5161]5238/531515392||547015547 56245701577 
31 $5855|5932{6010{6087/6164| (241/63186395/0472 65 

32] 6626657046781 68536935] 7012 7089 2768243 732 

33 2398475552697 783860 79%) 80148091 
| 34] 81680824 832384008427 8554 8631 8708087858862 
| 35] 8939901690939 709247 93259429479 955609633 

36] 9g7101978719864|19941/0018]|0095/0172/0249/0326/0403 

37/7 510480j05571063410711/0789/|0866/0943/1020/1097}1174 

338] 125 1/132801405/1482 15 591636171317 720 18671944 
39 2021020980 2175ʃ 225223292406 2483 25502637 2714 
5640] 2791028682945 3022 3099 3176032533330 3407 3484 
4 3351.3638037 15037923869 3946023 41004774254 
| 42] 43310484485 45624639 4716470 48704947 5024 
143 $g1ol{5177|525415331(5408[[5485|5502/56391571615793] | 

44|___5870/5947|0024[6101/6178|!625 5/6332 640916486|6563] 
45] 66391671616793|6870j6947||7024/7101}7178[7255[733 
| 46] 7409[74861756317639/77161|7793/7870/7947|8024/8101 

47] 81780825 508332084090 8485 85628639 8716087930887 
| 4 8947|19024/9101/9178[92541[933119408[9485|95621963 
_49]__ 9716/9793]9870[9946/0023|[0100[0177]0254/033110408 
NL ol ris 3i4)jl$1617 18 9 |D|Pts | 

2 


ſoo) 


LoGARITHMS 


N. 565 L. 75: 
8 D Pro 


N 2 121344 6 | 7 9 
5650% 5204840561 05380 15/0792] 10869/0946/1023/1099|1176 
51 1253/1330ʃ14071484/1 560 1714/179111868/1945 
52] 2022|2098|2175|2252|2329] 24062483 25 5926362713 
53] 2790867 2944.30200 3097 3174325133280 34043481 
54|__ 8836353212032880 3865 3942419 49641724249 
55] 4326440348045 564633 471004787 4864940 5017 
56] 5094171248324 741 5478555 56315708 5785 
57 88525939 6015609266169 6063226399647 6553 
58] 56295705678 3685069 36 7013 720907167 72437320 
2 2322 2424297627 704 2822234811888 
5660 8164/8241 831808 394847 18548 8625 8701087780885 5 mn 
61] 89329008908591629238 9315/9392/9469/9545/9622] || .- 
62 96999775 98529929 0005 0082/0159,0236,0312/0389 30 33 
63 7530466/0542 o619 0696/0772 84909261002 10791156 4| 31 
64] 1232 1309 1385/1462 1539 16161692769 18461922 |5| 3 
65 1999 2075 215202229 2305 [2382 2459 2536/2012 2689 g - 
66] 2766 28422919 2996/3072 3149322603302 33793455 fl 
67] 35323599 3685376203839 321503992 4069 414% |o\ 6 
08 2422863754452 4528 4605 46824758 483549114988 
6g] 5065 $141$2195294 5371; (5448|5524/5691567715754 
5670 $5831 5257 5984 60606137 62146290 63676443 6520 
71] 65966 67 3/0750 6826 69035 5979705 67133729 7286 
72 23654397819 7592/7068 7745/7822 7898/7975|8051 
73] 81288204 828108357 8434851108587 8664, 874008817 
24. 8893 897090409123 2199 9276 93339429 8693582 
75 9959.97 3598129888 9955 Ol 1801942710347 
6'7540424/0500/0577/065 3,0730 0806 _ 0959,1036/1112 
7118912651342 1418; 1495 1648 1724/1801 1877 
1954,203J0/2107/2183, 2200 2336 2413/2489, 25662642 
79! 2719279502872 2948 3025 3101/3178, 325433393497 | 
5680 3483 3560 rs 3789 38663942 4019 4095 4171 76 | 
81] 42484324/4401/4477 4554| [4630/4707/4783/4859/4936] |, 
82] 501250895 1655242 83185394 $4715547 5624/5700] f 23 
83] 57775853 5929,0006, 6082| 6159/6235 631 116388646 4 
84 654116617 894827 068460 6923/6999 7076/7152 7228 $ 
85] 2353877457534 7610 [7687] 7763783929169 % |, 
86 8069814508221 8298 83748 450 362 27 8603 38680 8756 8 
87] 8832909985061 9138 92149290 9367 9443 9520] [9 
88] 959696729749 9829 99019978 0054. 0130,0207/0283 
89 .7550359{9436/05 12/0588, 0665 | 0817,0894/0970|1046 
5590 1123|1199/1275 13521420 150458101657 7331810 
1886|1962|2038|21 15 2191 2267 2344/2420 2496'2573 
92 264927252802 2878 2954 3030 310713183 3259/3336 
3] 3412[3488[3564/3641/3717 3870 3946 4022 4098 
94. 4754271327443 480 4556 4632/4709) 478514861 
49375014090 166 524253195395 5471547 562 
5700577 585 25929 6005 60816157 6233531006386 
6462/65 381661 510691 6767 6843 6920 69960727 148 
7224/7 391]7 37717453|7529 29+ vp 7758178341791 
7987/8063j8139;8215/8291|(8 8084448520 8596085722 
8 I 516 | 7 8 95 


IN. 570 L. 755 or NUMBER 8s, (101) 
N 11234516789 Dre 
579ç6958749 8825918977 90539 139%20628293589434 
oi 951095875637 3981598919670 200% 
0275602720348 04240501 577 065 3/07 29080510881/0958 
03] 1034 —— 11861262 1338 1414 1491 1567 16431171 
04 __1795[187111947|2024/2100/|2176|225212328/2404/2 
oi 25562633 2709785 28610937 3013030893165 3242] 
o 331813394(3470|354013622||3693|3774/3850[3927|4003 
07] 4979141551423114307 4383 4459145 35146111468714764/ 
e, 
09098822 905 209] | 
5710] 6361|6437|65 13/6589/6665|6741/6817/6893]6970/7046] 
11 7122/7198/7274/7350/7426||7502|7578[7654/7730/7806 
12) 7882[7958|8034(8110{8186||8262|8338|84.14]8490{[8566 
13 8642/8718|8794 8870/8946 90229098 917492509326 
14. 2424288843979 9782 2888 994 0 8 
157570162 0238 0314/0390 gating 4afobes 0694077010 
% g gte ate nent 378 454230162 
17] 1682|175811834/1910|1986||2062|2138|2214|2290|23 
18] 244225172593 2669745 282102897%½9733049 3125 
19] 3201 327233833429 3505 38813582 2333808 03884 
720] 3960040364112 4188 4264 4340 441644924568 4644 
21] 47194795487 14947 5023 50995175562510532705403 
22 6547955545630 57065782 58580593460 10%508606 162 
23 62376313063896465 6541 — 5693667696845 692 
24. 89957972 14822247730 732524 1TT527 26037657 
25 77557831 7907½7982 8058081348210 828688362 8438 
| 26] 8351308589 8665874108817 8893089689044 91209196 
27] 927293489423 9499 575965 1% 780398780995 
28/7580030/0106/0182|0258/0333||0409/0485[056110637}0712 
29 0788|0864/0940/1016/1091||116711243[1319/13951147 


5730 154516221698 17741849 1925 00102077153 2228 
31] 2304238024565 3102607 26832759 283591002986 
32] 306203138032130.32893365 34435160359 2036683744 
33 3819138951397114047/41221/4198\4274/4359/4425|4501 
34 4227434728 4844880 4986503110183 288 
33415410[5486|556115637||5713}5789|5864|5940{601 
38 — 61676243063 196394 6470 654610621 8857 6773 
37] 68486924051 2253037378 7454753 
33] 7605768 1/775778 327908 7984806008 1350821108287 
39] 83628438085 148589 866508741088 16889208968 


5740 911991952709 3469422 949795739649 9724 
41] 9g875|995110027|0102[0178|[0254/0329/0405|0481 
42/7590632[0708|0783|0859/0934|[1010j1086|1161]1237 
43 1388|1464|1539|1615|1691[|1766|1842|1917]1993 

44] 2144/222002296237 1024472522 2598267442749 
45] 2900297630523 1 273203 32780335434293505 
45] 3656037320 38073883 3959 403441100418804261 
47] 441214488[4563/4639/47141[4790|4865|4941]5016 

48] 51685243 5319153941547|[5545 5521056965772 

49]___ 5923159990074|0150[62251[63011637616452]5527] 

0 1121314151647 


GN Tn kt — — — 
- - ” 
. 


See 
2 
2 


| 


al 


Ur 
* 
un 


(C102) Loc ARITHuSGSm N. 576 L. 
| Nj o j|i]2]}3|[4i\}s[ej7}8|9}D 
N 7501759607867 54% 30/6905 |6981\/7056/7132/7207/7283/7358 
| $51] 7434/7599}7585|7660/7736||7811|7887/7962/8038(81 13] 
1 $189 2 $340/841 515498 85668642 871787938868 
97092469321 939794729548 
54 9'9774\9850/1992510000{|0076/0151102271030210378 
551760045 3/0529/0604/0680[075 51/083 1/0906/0981[1057}1132 
56] 1208\11283|11359}11434/1510||1585|1661|17361181111887} 
57] 1962|2038|2113|2189|\2264\|2339\2415|2490{2566\264 1} 
27727922867 943 30183994469 324503320395 
52. 34238453622 36973722 38483923 39224744149 


”—_ 
. 


5760] 4225/430014376/445114526114602/4677/4753/4828/4903} |——| 
\ 61 4979 5054613015205 5280\|535615431|5500|558215657) | 7 
62 5733 5808588; 5959 5034 51095185 526053 365410 
| 63 6486656256376 126788 6863 6938 70147089 7164 3 
54 2240235 1239902466254 76162522252 7842 7918 
| 65| 799380688 144 8219/8294 837008445 8520 9596 8671 a 
66 . — 8897 8972 9048 912391989274 9349 9424 
A 67] 9500/9575|9650/9725|9801]|9876/9951/0027\0102/0177 j 
9 


68/7610253(03281040310478105541|0629/0704/0780/\08 og zo 
69 — cn 1 p06 ha 130701382 145715221658 1883 1 
5770 175801833 1909 19872059 213422102285 2360ʃz435 
71 2511/2586ʃ266102737ʃ 281228872962 3037 3113318 


72 3263 3338034143489 3564 3639 3715 37900386539 


73] 17609 4166413764397 451677 4693 
24. 4226848434918 993 509 51447219 2945369 5445 


75 3520595 5705745 58215896 597 6046612166197 
76 6272637642264 55730664867 236798687 3 6948 | 
77] 70247099717417249/7 3241174007475 7550762577 
78 7775785 179260800 8098151 8226083018377 8452 
29. 8527 860285778752 8828008903 3979/9953, 
5780] 927893549429 950495799554 9729 9804 95799 |__ 
81/7620030/010510180/0255/0330 0405 0480/05 58/0631/0706} | 

82] 7810856 

83] 15321607 
84] 2283/2358 


0931100610810 11561232 130% 13821457 

168217571832 19071982 205802133 2208 

24332508 2583 26582733 28082883 2959 

| 35] 3034/3109,3184/3259/3334|[3409/3484/3559/3634/3709 

86 378413859 3934/09 85 4760 4235310438544 

| 56 4535146104685 4760 4835491085560 5135 5210 
5360 


Sn ew Ho» 


5285683605435 551055855660 5735581005885 5960 
603546111,6186\6261|6336{|6411/6486(6561 6636 651 1 
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30 1394,33523,06836,76921 
31011727, 12956, 55764, 2608 1 
32012057, 39312, os 849, 86847 
33 571079636487 hon 

7 


34112710,47983,04807,6293 
1 3033,37684,95006,1166 


13713672, 567 1, 56406, 76856 18727184, 16005, 36498, 9692 
13813987, 90864, 01236, 5113 188 2741 $+78492,03079,6546 
139114301,48002,54095,0804 18927646, 18041, 73244142 


14612,80356,78238,02593 


g 


15533-60374,05001, 


(188 | Loc Tab. 11. 
N Logarithms N | Logarithms Tl 
101 00432, 13737, 82642, 57428 51117897,09472,93169,43687 
102[00860,01717,61917,56105 152118184, 35879,44772,54718 
103]01283,72247,05172,20517 18469,14308,17598,80313 
10401703, 33392, 98780, 35485 18752, 7208, 36463, 0666 

10502118, 92990, 5938, 727 155119933-16981,70291,48445 
10625 30,5865 2,64770,24085 19312,45983,54461,59693 
10712938, 37776,85209,04083 19589,905 24,09233,7367 


159]20139,71243,20451,48293 
100[20411,99820,55924,7808; 
161020682, 58760, 31849, 70958 
162020951, 50145, 42630, 9443 
16321218, 76044. 03957, 8056 
164z 1484, 38480, 47697, 8849 
165121748, 39442, 13906, 28283 
166 z 2010, 80880, 4005 5,09905 
167J22271, 64711, 47883, 27998 
1680225 30, 92817, 25862, 86 36; 
169022788, 57046, 1367 3,5 3841 
17012 3044,89213,78273,928 

17112 3299,01103,92153,83613 
[172]23552,84409,07548,91683 
17323804, 61031, 28795, 145 
174424054, 92482.82599, 7198 
[175]24303, 80486, 86294. 44028 
1761245 5 1, 26678, 14149, 82161 
47 ·⸗4797, 32663, 61806, 6275 
178 a 5042, 00023, o8893, 9799 
17925285, 30309, 79893, 16957 
1180j25527,25051,03306,00g 

18125707, 85748, 69184, 5 102 
18226007, 13879,85074,79513 
18326245, 10897, 30429, 471186 
18412648 1,782 30, ogy 36, 46451 
185126717,17284,03013,8015 


18602695 188 17916,3121 


190027875, 36009, 52828, 9615 
191028103, 33572, 47727,5376 
192428 330, 12287, 03549, ö08 f 
1938555, 7 3090, 773, 2600 


1 


. r 


144015836, 24920, 95 249,65545 
1145 16136, 80022, 34974.89212 


14616435, 28557, 84437, 962 
147016731, 7334,48 176, 9872 
1487026, 17153.94957, 3872 
14917318, 62684, 12274, 0382 
| 15017609. 12590. 5 668 1. 24208 


* wa Beth | =" "or 


194128780, 17299, 30226,0470c 
1951 zZ9003, 46113, 626 18, 01129 
19629225, 507 13, 86470, oſ 185 
197]29446,02261,61592,92737 
198]29666,51902,61531,11055 
199129885, 30764,09706,6501C 
200[30102,99956,63981,19521 


*— * 


* 


* — 2 


Z 
8 
? 
* 
x 
4 
x 
2 


205131175, 38610,55754+2993 
206 —— 53, 40038 
207031597,03454.50917,753 
20803 1806, 33349, 52761, 55006 
209032014, 62861, 11054, 022 

19, 26801 


211032428, 24552, 97692, 6650 
212032633, 58609, 2875 1, 43606 
213032837, 95034, 38737,7233 
21433041, 37733, 49190, 83605 
215033243.84599. 15605, 33119 


216633445375 11, 50930, 89753 
21713364597 338,485 29,51038 
218|33845,64936,04604,83041 
219034044, 41148, 40118, 33837 

20034242. 26808, 22206, 23596 
221134439,227 36,85 110, 9775 
222034635,297 4.50638, 62932 
223034830, 48630, 48160, 67348 
22435024, 80183, 34162, 80678 
225(35218,25181,11362,48416 


2260635410, 84391, 47400, 91801 
22735602, 58571, 93122, 72010 
228035793, 48470, 0453, 78926 
22935983,54823, 39887, 99413 
30036172, 78360, 17592, 87887 


231036361, 19798, 92144, 30876 
232036548, 79848, 90899, 6729) 
2331367 35,59210,26018,97219 
234/36921,58574,10142,83901 
235137 106,78622,71736,2692 
236137291,20029,70106,58069 
237137474,83460, 10103, 8652 

238137057,09570,56511,95447 
239037839, 9009, 48137, 68 
240038021, 12417, 11606, 0229 


115 70425, 74868, 38408 
45 


— — ut—-—- —uy— 


— 


242038381, 5 3659, 80431, 27671 
43038560, 62735, 98312, 18648 
38738,98263, 38729, 42431 
245138916,60843,04532,46021 
46139093,51071,03379,12702 
47139269,695 32,59665 ,7307 
248039445, 16808, 262 16, 265 31 
249139019,93470,95736,34113 
$0139794-00086, 72037,60957 


255140054,01804, 339551700 
256040823, 99653, 11849,56171 
257142993-31233, 3129445371 


26 


59141329,97640 
60141 


261041664, 05073, 38280, 9619 
26241830, 12913, 19745, 45602 


203 41995,57484,89757,860897 
12 


265142324+587 39, 30807,8504 
266142488, 16366, 3 1066, 987 
2674265 1, 12613, 64575, 22202 
2680428 13, 47940, 28788, 8245 


270143136, 37641,58987,3118 
OE Sis 


274043775, 05628, 20387, 9637 
275143933»20938, 30262,6503 


Tab. 11. to 20 PLacts. ; (189) 
N | Logarithms N | Logarithms . 
201[30319,605 74,20488,871 251139967, 37214,81038,1393 
12021305 35,13694,46623,7694 252149140,05407,81544,09573 
203130749,60379,13212,9180 25 3149312,05211,75817,9196 
204030963, 1674, 25898, 7562 25440483, 37166, 19938, 059 


1161, 97059, 63230, 15891 
81251,8275 


, ,70817,96442 


2160, 39268,69831,0536 


2975,22800,02407,98 


3456,89040, 34198,7 
43616, 26470, 407 56, 03721 


27644090, 90820, 65217, 7065 


27744247, 97690, 64448, 5537 
278044404,47959, 18076, 2756 


60, 42032, 73597, 5542 


2791445 
230144715,80313,42219,2211 
281144870,63199,05079,8928 
282[45024,91083,19361, 

283145178,04355,24290,2355 
284[45331,83400,47037,0705 


285]45484,48500,085 10, 20362 


286 45636, 6033 1, 29043, 05 17 
287045788, 18967, 33992, 32522 
288045939, 24877, 59230, 85 


28945089, 78427, 56547, 885708 


2991462 39-79978,98956,087 33 


291140389, 29889, 85907,28908 
1292 46538,28514,48418,2915 
293[46686,76203,54109,4562 
2940468 34.73304, 12157, 29393 


295 46982, 20159, 78 162, 995605 


296047 129.17 110, 58938, 58245 
297 2277617825263 
298047421, 2640, 76255, 23347 
. 47567, 11883, 24429, 64809 
3 


7712,12547,19062,4373 


[(:90) fo LoGARITHMS | Tab, 11 


N Logarithms 


Logarithms | 


05148429,98393,46785, 
306148572,14204,81579,9983 
3071497 13+837 54-77 180,4847 
30804885 5, 0 165, 0444, 2618 
30948995, 84794, 248346424 


301[47856,64955,93843,35712 
302[48000,69429,57150,03208 
303148144,26285,02305,01157 
Bot 48287, 35836, 08783. 74239 

83867 


31049130, 16938, 34272,6796 
311149276,03890,26837,5055 
312[49415,45949, 18442,7921 


31449692, 96480, 732 14,9319 
315 831,0 37,8960, 100 
31649968, 7082 „18403, 8184 
317 50105, 92622, 17751, 4945 5 
318]59242,71199,84432,0781 
31950379, 068 30, 57 181, 1280 
3200505 14, 99783. 19905, 9760 


31349554,43375.46448, 48481 


321050650, 50324, 0487 2,0781 
32250785, 587 106,958 30, 9047 
32350920, 25223, 31102, 8900 
3245 1054, 50102, 06612, 13961 
3251188, 33609, 88743287 


32605 1321, 76000, 67939, 0285 
32755 145477526, 60286, 0725 
328651587, 38437, 11679, 0801 
32915 1719,538979,49974429513 
330]51551,39398,77887,47805 


51982,79937,75718,73801 
332]52113,80837,04036,2942 
52244,42335,00319,871 
334[5 2374-04668, 11564,4752 
52504-48070, 36845,2389 
52633,9277 3,89844,0488 
52762, 99008, 71338, 6261 
52891, 67002, 77654, 73363 
53019, 96982, 03082, 1 
340 53147, 89170, 42255, 12375 


53402, 6 1060, 5135, 03134 
53529,41200, 42770, 49214 
344 5365 5, 84425, 715 30, 11205 


54032, 94747, 90873, 71854 
54157,92439,46580, 91506 


$348 


53275,43789,92497,7 2042 


— 


35154530, 71164,65824, 08109 
352054554, 26634, 78131, 01682 
3534577, 7053, 87822, 5655 
354154900, 32620, 25787, 8227) 
1355 022,835 30, oo 
356 
357555266, 82161, 12193, 1965 
358155388, 30266, 43874, 3647 
35955509, 44485,783 19,1478 
36015 5030, 25007,67287,2650 
3610557 50, 72019, 05657, 923 
362155870,85705,33165,7055 
36305 5990, 65250, 36112,518 
h 56110,13836,49055,9903 
$05155229,28644, 50474-7058, 
366156348, 1085 3,94410,6663 
36756466, 60642, 5 2089, 337 
| 368156584,78186,73517,0597 
369]56702,63661,59060, 3691 
379156820, 17240,06994,9968 
37 1156937»39990, 15045, 8763 
37215 


55144-99979»72875,17515 


7054-29398,81897,5073 


[373157170,88318,08687,6055 
374157287, 16022,00480, 1645 
375 $7493» 1267 7+277 18,85 16 


376]57518,78449,27061,050 
377157034+13502,05792,8565 
378157749-1799$,37225,33781 
957863, 92099. 68072, 3419 
30057978. 35966, 168 10, 1567 


8158092, 49756, 75619, 301 

82 r 
383658319, 87739,68622, 7403 
384]58433-12243,675 30,8037 
385158546,07295,08500,676z 
3865865 8,7 3040,71754,95581 
38758771, 09650, 18911, 401 
388058883, 17255, 94207, 24221 
38958994, 96013. 25707, 7362 
3991591 46070, 26499, 2065 
391159217,0757 3,95866,80741 
392159328,60670,20457,247 

393159439»25503,75426,69811 
394159549,02218,25574,1225 
395159059-70956,26460,23278 


53781,90950,73274+12095| 
34615 3997-60987,92770,60977 


349154282,54209,59179,89654 


350 


5 4406,80443 5027 503 550 


390159709,51859,25512,3057 
397159879,05067,63115,0658 
398159988, 30720, 73687, 84531 
399100097 -28950,80748, 2295 
1400 50205, 9991 3.27962, 39043 


Cw 


r 


_ to 20 PLACES. 67915 
N Logarithms | N Logarithms 
01]60314,43726,20182, 3005 451 65417,65418,77960,5 352 
02]60422,005 30,34470,0666 452]55513,84348,11382,11322 
031605 30,50461,41109,44887 4531/55609,82020,12831,8741 
04160638, 1365 1, 10604, 9647 4545205, 58528, 57103, 9153 
05160745, 50232,14668,55397] [455]25801,13966,57112,4047 
ob|6085 2,00335,77194,1132 4565895, 4842,44 34,9844 
7660959, 44092, 25220, 375 45765991, 62000, 698 50, 22235 
o 1055, 0 1630, 89879, 95 14 45 886086, 547 80, o3869, 1893 
0916117 2,33080,07 341, 80361 45956181, 2685 5, 37261, 2404 
10]61278, 38567, 1973549451 601627 5,78316,81574,0740 
61384,18218,76069, 20586 461056370, oga5 3, 89648, 1450 


445061804, 80967, 12092, 20862 


61489, 72160, 33134, 59560 
61595,00516,56401,02097 
61700,03411,20898,94867 


425 


426 


19162221,40229,00295, 30985 


61909, 33306, 26742, 74528 
62013, 605 49,73757.51775 
62117,62817, 75035, 19750 


2324, 02903, 97900, 46322 
62428, 20958, 35668, 30744 
62531, 24509, 61673, 86030 
62634, 0367 3,7 504, 33900 
62736, 58 565,927 32, 63127 
62838, 89 300, 50311,83811 


427 


31 
432 
433 


429663245, 2921, 84724, 24725 


. 
3963284288841 


4343748, 97295, 125 10,0559 


436663948,6489, 685 86,2563 


62940, 95991, 02718, 91800 
63042, 787 50, 25023, 86460 


63447, 2701, 6073 1, 6005 
63548, 37468. 14912, 9274 
63648,78963, 53365, 44270 


2848288224224. 


44 
441 


104048,14369,70421,8404 
64147,41105,04099,5335 
04246,45202,42121,37063 
24345, 26764,86187,4311t 
04443,85894,07838,53601 
4542,22093,49091,8929 
04640, 37262, 23069, 5602 


44064738, 29701, 14619, 8245 


1+45|94336,00109,80931, 5895 


4610495 3.48587,12141,868 


49]5224,03410,03323,17492 


47555030, 75231, 31936, 47555 
e 


[471 67 302,09071,28896, 174 


468 


766931, 68805, 66112, 1630 


66464,19755,50125,5939 
20558,09910,1795 3.1350 
66651,79805,54880,8681 
66745, 295 28,8 5921 
66838, 59166, 90000, 1674 


469 
470 
4 
472 
473 
474 
475 


67024,58530,74124,0342 
67117,28427,15083,2648 


7209,78579, 35717440441 


7394+ 19986, 34087,7759 
67486,11407,37811,5671 
67577,83416,74085,0605 
7669, 36096, 243866,57111 


476 
477 
478 


7760, 69527, 20493, 1496 
6785 1,83790, 40113, 9202 
67942, 78966, 12118, 8802 
68033. 55 13414863, 2201 
812412323,25587,2181.1 


68214. 50763, 73831, 76601 
68 304, 70382, 38849, 5792 
58394,71307, 51512, 146 
68484, 5 3616,44412,4719 
68574,17386,02263.6565 


08663, 62692, 62293, 3816 
68752, 89612, 14634,3324 
68841, 98220, 2710, 6195 
68930, 88591, 23620, 244 

9019,60800, 28513,6614 


69108,14921,229608,4727 
69196,51027,67 360, 3222 
69284,69192,77230,01 
59372,09489 23646,9259 
60 68, 7401 


09548, 16704,90197 ,40052 


4 


5 


981997 22,93427+597 1753934 
#99 69810,05456,23389,91417 


69635 ,63887, 33332, 11681 


595 321,25137,75343-0793 


897,00043,36018, 804.78 


— F< TD 2 ̃T—— — 


——— —-—— 


— 
— SS 


— — 


1092) 


LoGARITHMS 


Tab. ir 


N Logarithms | 


01109983,77258,07245,71728 
$02170070,37171,45019,33455 

03170156,79850,55927,397 1 

04/70243,05 304455252909 
505170329,13781,18661,37906 
506[70415,05168, 39799, 11483 
$07170500,79593»33335»97571 
508/705 86,37122.83919, 25467 
5097067 1, 77823, 36758, 74657 
510f70757,01760,97936, 36584 


511[70842,09001,34712,73179 
512[70926,99609,75830,75092 
513[/71011,73651,11816,27 342 
514171096, 31189,95275,73238 
51571180, 72290, 41191, 0996 
51671264, 97016, 27211,35413 
517½71349, 05430, 93942, 505 16 
518171432,97597-45233-02273 
519]71516,73578,48457,85186 
520[7 1600, 33436, 34799-15963 
52117 1083,77232,99524447424 
522[71767,05030,02262,1571 
52371850, 16888,67274, 23926 
52471933, 12869, 83726, 65 12 
525[72015,93034+05956,87758 
2617 2098, 57 441,537 3900419 
; 72181,06152,12546,60821 
52872263, 39225, 33812, 25890 
529]72345+56720,35185,75774 
53917 2427 58696,00789,0456z 
172509, 45210, 8 1469, 0648 . 
7 72591, 16322, 99048, 18268 
3372672, 2090, 26572, 26372 
534% 275412570, 285 56,4723 
72835. 37820, 21228, 44562 
536]72910,47890,92770,01979 
72997,42856,995 55,00087 
53817 3078,22756,06389,17530 
3917 3158,87651,86738,70217 
540[73239+37598,22968,5071 


54173319,7265 1, 6569, 43688 
5423399, 92865, 38386, 92473 
54373479,98295, 88846, 947 58 
54417 3559, 88996, 98 179, 90461 
630,6 6642, 


54617 3719,20427,04737,23243 
54717 3798,73263,33430,77381 
548/3878, o5584,84369.1589 
5497395723444, 50091, 9084 
4036, 20894,94243-8455 


N Logarithms 


74115,15988,51785,04887 

55274193, 90777, 29198, 9018 

353]74272,51313,04698,25891 

55 7435997 047,28 29,748 
2 


$50174507,47915,82057, 47088 
$57174585,51951,73728,9004 
$55174063,41989, 37578,74947 
74741,18078,86423,29561 
560174818,80270,06200,41635 


561 74896,28612,56161,406; 
562 7497 3»63155,09061,0880 
$63175050,83948,51346,22 
$04]75127,91039,83342,2921 
7 84478,19438,527 


56675281, 64311, 88271,4307 
567/5358, 305 88, 92906, 5798 
568[75434-83357,11018,8717 
569 75511,22663,95071,1722 
579175587,48550,72491,39883 
571175663,01082,45848,0500 
57275739, 60287, 93024, 20038 
57375815, 462 19,67 389, 97493 
57475891, 18923, 97973, 5 20 
28256, 28446, 896 30,488 


576% 0042, 24834, 23212, 4587 
57776117,58131,55731,42849 
578 76192, 78384, 205 29, 05229 
57976267, 85637, 27436, 19789 
80170342,79935,02937,28255 


$81176417,61323,90330,7345 
58276492, 29846, 49888, 4842 
$83[70506,85547,59014,0863 
584170641,28471,12399,4867: 
585]76715,58660,82180,448; 


58676789, 76160, 18090, 6514 
58776863, 8 1012, 4761447 

58876937, 73260, 76138, 4891 
58977011, 2947,87 101,641: 
59007085, 20116, 42144, 1902 


591/77158, 74808, 81255, 3646 
59277232, 1706), 22919,777 
59377305. 46933, 54262, 6064 


77378, 64449, 81193, 5478 
1,6967, 28549, 5640 


596 77524, 62597, 402 36,4285 
$97177597»43311,29369,087 
598177670,11839,88410,8432 


599177742,68223,89311,3798 
77815, 12503, 83643.6325 


Lab. 11. 


to 20 PL 


AcEs. | (193) 


— 


Logarithms 1 | 


778871447 20,027 39,5208 
77959,64912,57824,5523 
78031,73121,40151,3087 
78103,69386,21131,32730 


95178175,53740,52408,5802 


78247,20241,66286, 20678 
18318,86910,75257,5809 
78390,35792,727 3493701 
78461,72920,32875,3553 


610/785 32,98350, 10767,03389 


78004,12102,42554,23302 
78675,14221,45501,1935 
78746,04745,18415,03774 
78316,83711,41167,6799 
78887,51157,75416,7305 
78958,07121,04425,4571 
79028, 5 1640, 33241,68205 
79098, 84750, 88815, 8376 
79169, 06490, 20117, 9768 
79239,16894,98253,8748 


52179309, 1001,75 80, 1907 


79379,03846,90818,70077 
79448, 80466, 59169,6154 
79518, 45896, 82423, 9873 


25179588,00173,44075,21915 


617965 7,433 32» 10429,08002 
81:9795-90437,37196,12719 


79726, 75408, 307 16, 43958 


79865, 6454, 45268, 92535 
79934-05494+53581,70530 


639 
640 


638]80482,06787,21162,32330 


30002, 93592, 44134,31302 
3007 1, 70782, 82385, 01 364 
80140, 37100, 17355, 10238 
80208, 92578, 81732, 68977 
80277,37252191975,66903 
$0345,71150,48413,87330 
3041 3,94323,35 359,43063 


80550,08581,58400, 16068 
800 17,997 39,83887, 17128 


641 
542 
643 
644 
645 


30085, 80295, 18817, 42225 
50 53, 50280, 68853, 27334 
80821, 09729, 24222,07 249 
30888, 58673, 598 12, 10001 
$0955,97146,35207,76849 


| 


651]81358,09885,08191,947 


676 
677 


68983821 92219, 07625, 81484 


N | Logarithms 


T 


652181424,75957,31920,19807 
653]81491,31812,75073,92143 
24267,26771 


654]31557,77483, 
655181024,12999,91783,0656 


656131690, 38393,75000,2753 
657181756,53695,59780,775 


6 
66 
658181822,58936,13955,4903 

659181888,54145,94009,86128 


660]8195439355»41868,6732 


661]82020,14594,85640,2 3665 
66208 208 5, 79894, 39699, 93382 


663]32151,35284,04773,1350 
664/82216,80793,68017,48947 


66582282, 1645 3,03 104, 0703 
66682347, 42291 57030, o66 


61 
667132412,58339,16548,9662 
32477,04024,7 5545-07041 


668 

82542,01177,67823,11077 
$2607,48027,00826,43415 
$2672,25201,08992,0746 
$2736,92730,53825,24408 
82801,50042,23970,84648 


66 

522 
671 
672 
673 
674 
675 


82865,98965,35319,8214 
32930, 37728,310249214 
82994,00959,416035,9288 
$3058,86686,85144,31601 
83122,96938,67003,3553 
83186,97742,80501,68250 


78 

9 
95 250, 89127, o62 36, 31897 
© 


681 83314,71119,12785,157 

682083378, 43746. 56478, 91563 
68308 3442, 7036, 81532, 5634 
68483505, 61017, 20116, 22655 
85083882•2142224L241 
68608 3632, 41157, 0675 1,8735 
687083695, 57370, 59550, 43142 
68883758, 84382, 35511, 30526 


6 
67 


— 


2 2 


6908 3884. 90907, 37255, 31610 


53947, 80473, 74198. 4075 
84010, 60944, 567 57, 80499 
8407 3, 32346, 11806, 74609 
84135,94704, 5485491375 
84198, 48045, 90113, 88524 


691 
692 
693 
694 
695 


46 
47 


$1023,25179,95084,08529 
31090,4 2806,68700, 38446 


696 
597 


84260, 92396, 10562, 11027 
84323, 27780, 98009, 42 305 


548081157, 50058, 70593.33482 698084385, 54226, 23161, 09179 

5491224, 46958, 0369, 23101 99684447. 1757, 45681, 40g 

I 24224222 28842 — 
5 B b FE En IO 


— 


702 


703 
784757, 26591, 42112, 21203 


705 
706 
707 


70 
71 


708]85003, 32570,89709,01798 
9 


84633,71121, 29805, 27631 
84695, 5 3250, 19823, 95834 


84818, 91169, 91398. 70650 
84880, 47010, 5 1803, 76071 
84941, 94137, 96899, 40499 


85064, 62351, 83066, 54285 
85125, 83487, 1907 5, 28609 


— 


711 
712 
713 
714 
715 


85 186,96007, 29766, 30258 


85308,95298,51865,5585 3 
85 369,82117,76174,39176 
$5430,60418,01080,61474 


— 


717 
718 


727 
728 
or . 
132 
731 
732 
733 
734 
735 


716085491, 30223, 785 5, 5500 


719 85672, 88903, 82882, 607% 
720857 33-24964,31268,46023 


721185793,52647,19429,03588| 
72208 5853, 1975, 69639, 118290 
72385913, 82972, 9430, 82137 
72485973, 85661, 97146, 90071 
725]86033,80065,70993,69691 
 1726]86093,66207,00093,71401 


$5551,91556,67800,12230 
85612,44442,42300,34303 


86153,44108,59037,83621 
86213,13793,13037,18556] 
86272,75283,17974,02377 
86332, 28601, 2045 5, 90107 


80391, 73769, 57860, 45495 
8645 1, 10810, 58391, 86161 
865 10, 39746, 41127, 94317 
96569, 60599, 16070, 5 3320 
86628,73390,84194,590351 


736 
737 
738 
739 
740 
741 
742 
743 


745 
746 
747 
748 


74487 157.2035 5,4878, 7026 


86687, 78143. 37498, 85494 
86746. 74878, 5905 1, 47 490 
86805, 63618, 23041, 56431 
8686444383, 94825, 73669 
86923. 17197. 30976, 19202 
86981, 82079, 79328, 16804 
87040, 3005 2, 79027, of 156 
87og8,. 98 137, 60575, 29242 


$7215,62727,48292,84304 


$2332,06018,15398,77842 
57390, 15978,64401,35972 


1.49 $7448,18176,99466,47155 
50 


87506,1263 3+91700,04087 8oc{90308,998 


85247-99930, 36856, 37036] 


$727 3,88274,72608,80072| 


(194) LoGARITHMS Tab. 11 
N Logarithms NI Loge rithms 
701684571, 80179, 6665 8, 65705 75187563, 99370, 4108, 38975 


75487737, 13458, 69774, 05175 
55687794.695 16, 29188, 24166 
756087852, 17955, 1206, 5 3302 


704188309, 33585, 75689, 92806 


887966, 92056, 32053, 53715 
759588024, 17758, 95480, 35691 
70008808 1, 35922, 80591, 35196 


87621, 78405, 91642, 24529 
87679, 49762, ooyoo, 55664 


87909.58795, 00, 550 


88138, 46567, 70572, 82637 
88 195,497 13, 39600, 4967; 
88252,45 379,548 80, 46591 


88366, 1435 1.53617, 0792 


88422, 87696, 32603, 93559 


707 88479, 5 3639, 48990, 95947 


885 36, 12200, 315 11,999 
88592, 63 398, 01431, 0396 
886 49,0725 1, 72481, 87146 


784 89431 ,60626;84438,44228 
785189486,9650745252-54155 


$8705,43780,50950,9744 

88761,73003, 35736, 15 102 
88817,94939,18324,90897 
88874, 09606, 82892, 59621 


88930, 12025, 63 10, 2892 


8898617212, 58188, 4374 
89042, 10188, 009 14, 26482 
89097, 95969, 89688, 93146 
891 5 3-74570,72504445605 
39209, 46026, 90480, 40172 
89265, 5 2778.8 8% 
893 20, 675 30, 59848, 0262 
69376, 17620, 7943.399225 


796190091, 30677, 37669, 4053 


89542, 25460, 39407, 8933 
99597. 47323, 59064, 5847 
9965 2,02174,89555,3179 
89707,70032,09420, 30627 


4 89762, 209 12, 90441, 4229 


59817,04834,97070,55351 
89872,51815,89493,50098| 
89927 ,3187 3,17603,803 
89982,05024,27096,201 
90036, 12806, 56470, 28771 


90145,83213,96112,3472 
90200, 28913, 50729, 42476 
90254,67793,13991,39295 

6 „58664 


Lab. 11. 


to 20 PLACES, (195) 


N Logarithms 


301090363, 25 160, 84237, 65931 
802090417, 43682, 84163, 5017 
80309047 1,5545 2,7 8680, 94182 
804/905 25, 60487, 4845 1, 26187 
0579, 58803, 67868, 5 14 
8069063 3, 50418, op, 64409 
807190687, 35347. 22070, 41738 
30890741, 13607, 74586, 15992 
80990794, 85216, 12272, 30432 
1090848, 50188, 78649, 74918 


D 
— 


811000902, 85 42, 11156, 306 

1209095 5, 60292, 41175, 30847 
130 1009, 5455, 94068, 16682 
1491062, 44048, 89201, 23277 
815]91115,70087, 39976,01243 


816091169, 1587, 53861, 14669 
791222, 20565, 32415, 4879. 

91275, 33036, 1322, 99882 
91328, 39017, 50418, 47451 
00 1381, 38523, 837 16,6892 


9143431571, 1944,77 18 

9148/7, 18175, 40050, 40107 
91539.98352, 12269, 83977 
91592,72116,97115,79081 
91645, 39485,49925,08762 


91698, 00473, 20382, 21619 
91750, 55095, 52546, 6701 
91803, 3367, 4880, 14389 
91855, 45305, 50273, 55312 
91907,80923,76073,90383 


51 


853 
954 


193196,61147,28172,04091 


92992,95600,84587,87508 
93043,95947,06700,11382 
93094,90311,67523,03 
93145,78706,89005,05981 


86 
# 
— ä— 


93247,37646, 77153, 22648 


93298, 82 19, 23198, 16429 
93348,72878, 48705, 44247 

3399, 31638, 31242, 30263 
93449,84512,43507,72162 


861 
62 


93500, 31514, 83654,7625 
93550, 72658, 247 12,7959 
93601, 7957, 15209, 592 

9365 1, 37424, 78893, 28795 
93701,61074,64814,21935 


93751,78920,17346,03791 
93801, 90974, 762 10, 29438 
93851,97251,76491,90081 
93901,97704,48666, 46875 
93951,92526,18618,52463 


376 94250,41061,08080,72880 
$77194299+95933,60040,51823 
94349,45159,06102,56585 


94398,88750,73771,8935 
94448,26721,50168,62639 


91960, 10237,84110,99107 
92012, 33262, 90723, 94049 


94497»59984,12047,91274 
3 


94546,85851,31819,7312 


94001, 81550, 7663, 203 36] 


92064, 50014, 06787, 58996 
92116, 60506, 377 38,7 1297 
92168,64754.8 3602, 8477 


92220, 62774, 39016, 39271 
92272, 54579,93259,99155 
3892324, 40186, 30276, 50506 
39192376, 19608, 28700, 25500 
92427, 92860, 6188 1,65843 


92479,59957,97912, 174067 
92531, 20914, 99649, 50266 
302582, 75746, 24742, 33016 
9263424406, 2565 5,551 
92585567089. 40692, 34320 


194694, 32700,97825,43234 


94596,07035,77508,58502 
94645, 22650, 13073, 088 17 


94743,37218, 87050, 75544 
94792, 36198, 31726, 39220 
9484129657, 78601, 01974 
94890, 17609, 70213, 69490 
940 39,0006, 44912, 78472 


94987, 77040, 36874, 7 8993 
95036, 4854376123, o6390 
95085, 14588, 88546, 42595 
95133,75187,95917,07077 
95132,30353,15911,97430 


92737,03630, 39023,5 3422 
92788. 34103, 30706, 91221 
928 39,585 22,567 13,8264 
92890, 76902, 4395 2, 67285 


92941,89257,14292,73333 


95230,80096,02125,19721 


897 
898 
899195 375.9917, 33228, 70 
224.2422244 


95279, 24430, 44092, 085 37 
95327, 63 366,67 304, 37013 


Þ b 3 


[(196) 


LoGARITHMS 


Logarithms 


9547 2, 47909, 79062, 97417 
55520, 55375, 41941, 73047 
95568.77503, 13505, 79441 
95616, 84304, 25363, 308 

2556485792, 05 203, 3150 
95712, 81976, 768 13,0938 
9570, 72870, 60095, 25585 
95808, 58485, 21085, 11053 
95856, 38832, 21967, 44887 
2594.139023, 21093, 5999 


91796236, 93356, 70021, 915 


216425, 96301, 96848, 92205 


95951,83709, 72998, 24763 
95999, 48383, 28416, 17969 
96047, 775, 34298, 94458 
5227.70 88482777 

96142, 10940, 66448, 27597 


6189, 547 36,67 850, 38450 


96284, 268 12,01242, 4356 
96331, 55 113, 86111, 2652 
25378,78273, 455552693 


9647 3,9210, 53629, 3402 
3965 20, 17010, 25912, 05 53 
96567, 19712, 20106, 69918 
96514. 17327, 39032, 6063 
96661, 09865, 8 1934, 3308 
[99707+97 341:44497+97976 | 
96754,79762, 18862, o934 

96801, 57139, 93641, 7631 
25848, 2948, 5393511696 


96894, 96809, 8 1342, 62296 
96941,59123,5 3981, 36262 
96988, 16437, 46499, 94285 
97034, 687, 30093, 3583 

97081, 16108, 725 17, 77408 


4097312, 8535, 99698. 65963 


— 


97127,58487, — 96d, 
7197173,95908,87778,2630 
897220, 28383, 9064, 46008 
97266, 5 5922, 66110, 92210 


4697589, 11 364,01792,76237| 


97 358,90234,27250,90834 
97405, ogoz), 9287), 3692) 
9745 1,1692), 37328, 37338 
97497, 19942, 98068, 9711: 
97543. 18085, 9262, 94738 


97634, 99790, 3273, 41875 


N 


— 
951 


952 
953 
954 
955 


97818,05169,37413,93187 
97909, 29000, 38326,40853 


Tab. 11 


Logarithms 


ij ih "Oo SST 


97863, 69483, 8447 4,3448 


97954+83747»04995,11544| 
258000, 33715,83746, 34242 


956 
957 
958 


1959 


98045, 78922, 70100, 754 
98091, 19377, 76843, 56538 
98136, 55090, 78544, 41531 
98181, 85071, 70663, 59928 
98227, 12330, 39568, 41336 


98497, 1264, 15493, 342 

98542, 64740, 83001, 673 
98587, 583573, 08393, 66714 
98632, 37770, 50765, 3273 
98677, 1 7342,06244,85 178} 


98721,92299,08004,86280| 
98766,62649,26274,57 

98811,28402,68351,91117 
98900, 40156,955 36,8 160) 


98944,98176,66691,81474] 
98989,45037,18773,07091 
99033,88547,87601,44015 
99078,26918,03137,8254 
99122,60756,92494,8566 


| 985199343,02304,97611,7321 


99166,9007 3,79948,5097 
99211,14$77,86949,66797 
99255,35178,32135,02275 
99299,50984,31341,5174 


9947 5-69445,87628,1211 


99387,09149,41211,21109] 
99431, 1526, 69636, 7324 


995 19.62915,97 179, 40527 
99563, 5 1945, 97549,91534 


99609, 36544, 85275, 3283 


995199782, 30807, 457 25,4489 


99651,16721, 54178, 6557 | 
99694, 92484, 95381, 17590 
99738, 63843,97313, 31202 


99825, 93384, 23698, 73156 
99869, 5 1583, 1165 5,7988 


480 97680,83373, 38066,25572} | 9989991 3,05412,87371,10938) 
491 977 26,62124,27292,07028 995 99956, 54882, 25982, 30809 
97772, 39052,88847,76632 100110004 3,40774,79318,04067 
CCW q CT —_ 


549 0 & * 
* 


Tab. 11. 


to 20 PLA ES. 


17 9 


Logarithms 


001 30, 9330, 20418, 11880 
002 16, 60617, 56507, 67623 
o0302, 94705. 55518, 07 17 
00389, 11662, 36910, 52172 
90475,11555,91001,0034 


00500,9445 3,00280,42845 
20046,00422,49231,72283 
007 32,095 29,22744,5973 
00817,41840,06426, 394 
00902,57420,86910,24725 


00987,50337,12160,15771 
010572, 38653, 91773, 10408 
01157,04435,97278,1972 

01241,53747,02432,92943 
01325,86652,83516,54691 


1033 
1035 
1037 
1039 
bet. 
1043 
1045 
1047 


1049 
1051 


01410, 03215, 19620, 5790 
01494, 03497, 92936, 5582 
1577,87 563, 89040, 96243 
01661,55475,57177,4124 
01745,07295,105 3015583 
01828,43084,205 30, 86897 
01911,02904,47072,80707| 
01994,66816,78842, 33384 


02077,54881,93557,85991 
02160,27160,28242,22008 


02242,83711,85486,5183 


02325,24596,33711,46987 
02407,4987 3,07426,26758 
02489, 59601, 7485, ooz 

02571, 53839, 01340, 66612 


02978,94808, 31855,03385 


0265 3,32045,23290,75697 
027 34, 96077, 74756, 52817 
028 16, 44194, 24469, 89253 
02897, 77052, 08778, 01749 


03059, 97219, 65951, 0841 
03140, 84642, 5 1624, 1359 
03221,57032, 9798 1,585 11 
03302, 14446, 82910, 67 30 


0 


8 
1083 
1085 
1087 
1089 


1091 


T7757 
Logarithms 

034627 B7766,25320,70077 
03542,97381,85148,31517 
03622,95440,86294,53993 
03702,78797,55774»9561 
03782,47505,88341,87761 


1093 
1095 
1097 
1099 


1101 


1105 
1107 


1109 
1111 


1103 


03862, 01619, 49702, 7922 
03941, 41191,76137,1431 
4020, 66275, 74711, 13222 
4099, 76924, 23490, 5674 

94178,73189,71751,7752 

04257,55124,40190,598 

04336,22780,21729,5025 
04414,76208,78722,8063 
04493,15461,49160,06471 
04571,40589,40867,61503 


1113 
1115 
1117 
1119 
1121 


04649, 5 1643, 34708, 3136 
04727, 48673, 84779, 47827 
04805, 31731, 15609, 0570 
4883, 0865, 28350, 04281 
04960, 56125,9497 3,151 


(1123 
1125 
1127 
1129 
1131 


05037, 97562, 61457,784 
05 115, 25224, 47981, 28895 
o5 192, 39160, 46106, 5402 
05269, 39419, 24967, 8611 
05 346,20049,25455,2938 


1133 
1135 
1137 


1139 
1141 


05422,99098,03397,2459 
05499, 58615, 29741, 5248 
5576, 4646, 87734,77923 
0565 2, 37240, 79100, 362 
05728, 56444, 18214, 63835 


1143 
1145 
1147 


1149 
1151 


o 804, 62303, 952817388 
5880, 54866, 75906, 79892 


05956, 34179, 01267, 6764 
06032, 0286, 88285, 17768 


06107, 5 3236, 29791, 8018 


1153 
1155 
1157 
1159 


06182, 93072, 94699, oz 16 

06258, 19842, 28163, 11355 
06333, 33589, 5 1749, 55393 
06408, 34359, 63595, 99543 


116106483, 22197, 38573, 8383 


23332, 22 A 


— 


98. 


LoGARITHMS 


Num. Logarithms 


Differ. 1 | 


101000 
101001 
101002 
101003 


101004 


101 205 


32, 13737, 82642, 57428 
00432, 56737, 6721, 23527 
00432, 99735, 88227, 2280 
00433427 34-27 160, 77988 
—433˙882327233˙34949 

004 34, 287 29,77 31557458 
1010059004 34,71720,885 38, 29809 
101007190435, 14723, 57192, 36292 
101008[004.35,57719,83278,61195 
101009ſ004 36,007 18, 66797, 88804 


42999, 24078, 66099 
42998,81505,78753 
42998, 38933,75708 
42997,96362, 56961 
2282222209 
42997,11222,72351 
42996,68654,06483 
42996, 26086, 24903 
42995,+83519,27609 
429954995 3,14598 


101010000436, 43711, 775 , 03402 
10101 000436, 86706, o6 138, 89270 
10101 2000437, 29700, 61962, 30085 
[10101 004377 869447522241 1924 
101014100438, 15688,45919,17259 


4299498387, 85808 
42994,55823,41415 
42994-13259,81239 
42993,70097,05335 
42993,28135,13702 


101015100433, 58081,74054, 30901 
101016000439, 01674, 59628, 37298 
10101700439, 44667, 02642, 205 36 
101018199439, 87659, 03096, 64938 
1010191904409, 0650, 60992. 54764 


42992,85 574.063 37 
42992, 43013, 8323 
142992, 04544442 
42991, 57895, 89826 
42991, 15338, 19508 


101020[0440,73641,70330,74272 
10102 00441, 16632, 491 12,7719 
101022100441, 59522, 79337, 39396 
101023000442, 0261 2, 700%, 5 3435 
101024400442, 45602, 12123, 34204 


42990, 72787, 33447 
42990, 30225, 31037 
42989, 87670, 1407 
42989. 45 115, 8056 
42989, 02562, 31704 


8142559, 38836]8426c 


Poewamay may... 
42572487 346134301 
42572, 304584296 
4257 1,18747]8429; 
42570, 3445 2184294 
4256 \ 


42558,54576]94251 
42557703 1884257 
42556,86061 $4251 
425 56, 18 1008425 
42555»17558[8424 
42554,333 1006426 
4255 3,4906584 
42552,04821 


442,38591,14685,05908 
443.3 1579,74695, 32791 
3.74567, 92153, 19092 
00444, 1755 5.700, 9 
60542. 99416, 86901 


42988, 0009, 60883 
42988. 17457. 86301 
42987, 74900, 89958 
42937, 32356, 77851 
42980, 8980. 40977 


1010 445,035 29, 89224, 36878 
1010310445, 465 16, 36483, 43211 
10103200445, 89502, 41194,9012 
1010330446, 32488, o3359,61854 
1010340446, 7 5473, 22978, 42614 


42986, 47 259, 0333 
42986, 047 11, 46917 


8142985,62164,71726 


42985,19618, 80760) 
42984,77073,74013 


42551, 80582842; 
4255090343842; 
42550, 12108423; 
42549-27874[8423 
42548,43644]$4228 
42547, 59416045 
42546, 75 19108422 
42545, 0 6% 
42545»06747]84219 
42544-2252: 84214 


101035100447, 18458,0005 2, 16627 
101036500447,61442,34581,68112 
101037400443,04426,260507,81283 
10103800448, 47409,70011,40355 
101939100448,99392, 52913-29537 


42984,34529,51485 
42983,91986,13171 
42983,49443,59072 
42983,06901,89182 
42982,64361,03501 


42543-38314]5421] 
42542, 54099184209 
42541, 69890084209 
42540, 8508 1084705 
42549-014761542% 


101040100449, 3337 5,47 274+33038 
[191041100449,76357,09095,35003 
101042100450,19339,48377, 19816 
1010430450, 62320, 85 120,7 1496 
101044J004c1.05301,79320,74302 


42982,21821,02025 
42981,59281,84753 
42981,36743,51680 
42980,94206,02806 
42980, 5 1669, 38125 


101045]00451,45282,30996,12430 
101046[00451,91262,40129,7007 3 
101047100452, 34242,06728,31420 
101048[00452,77221,30792,80660 
101045042045 3,20200,12324,01980 


42980,09133,57043 
42979,66598,61347 
42979,24064, 49240 
42978,8 1531, 21320 


42539,17272 


42536,04078134193 
42535,80485]8419g 


42534-90290 
425 34412107 
42533, 27920 
42532,43739 


42978, 33998,77581 


42531,59559 


dun. 


Logarithms 


Diff. 1 


E ons Penne wow ccc ; 
Tab. 3- to 20 PLACES, waa} 


| Diff. 2 b. 3] 


10105 
101053 
101054 


45 3-03178,51322,79501 


10105 
10105 1]00454,06156,47789,97 584 


4544913401726, 40227 
0045 4,921 11,13132,91667 
9045 5, 38087, 82010, 36076 


42977, 96467, 18023 
42977, 53936, 42643 
42977,11406, 5144 

42976,68 8977, 440g 
42976,26349,21548 


42530,7538 
4$2529,91 20 
425 29,0703 1 
42528, 22861 
425 27,3869 


101055 
101056 


0045578004, 8359, 5704 
00455. 21039, 92181, 40479 


101057 
101058 


101062 
101063 
101064 


00456, 64015, 33476, 68808 
00457 06990, 32246, 26773 


1010594142844. 


42975,83821 58285 5 
42975,41295, 28329 
42974, 98769, 57965 
42974,56244,7 1762 
4297 4,13720,69717 


42526,5452 
42525,70304 
42524, 96203 


10106000457 ,92939,02211,08252 
101061100458, 35912,7 3409, 20079 


00458,78886,02084,38170 
00459,21858,88238,06675 


00459,64831,31871,09742 


42973, 1197, 51827 
42973, 28675, 18091 
42972, 86153, 68505 
42972, 43633, 306) 
42972, 01113, 21775 


101065 
101066 
101067 
101068 
101069 


00460, o/ 803, 32984, 31517 
0460, 50774, 91578, 56143 
00460,93746,07654,07700 
00461,36716,81213,50506 
00461,79687,12255,88518 


42971, 58594. 24626 
42971, 16076, 11617 
42970, 73558, 82746 
42970, 31042. 38012 
42969885 26,77410 


42518,13009]8413 
42517,2887 113413 
42516,447 34138413 


(425 15,00602 8413 
2 


425 14,7047 


101070 
101071 
101072 
101073 
101074 
101075 
101076 


00462,22657,00782,05928 
0462, 65626, 46794, 66866 
0 463,08 595, 50292, 75452 
00463, 5 1564, 11277, 75840 
0046 3,945 32,29750,52123 


5044,37 500,057 11, 88433 
0464, 80467, 39162,68887 


101077 
101078 
101079 


00465, 23434. 30103, 77601 
405,66 400, 785 35, 98688 
466, 09366. 84460. 16250 


42969, 40012, 0938 
42969,03498,08596 


42513,92342]841: 


42968,60985,00378 
42968, 1847 2, 76283 
42967, 25961, 36310 


42513, 0821808412 


4251139973841 
425 10, 85856 4116 


42967, 33450, 80454 
42966, 90941, 87 14 
42966, 48432, 21087 
12966, 5924. 17571 
42965 ,63416,98162 


42509, 4113 


I 
42508;$7627 84112] 
8410 


42508,0351 


42507,194 
42596,3530 


10108000406, 52332,47877,14421 
10108 100466, 95 297,68787, 77281 
10108200467, 38262, 47 192, 88941 
10108 3ſoo 467, 81226, 83093, 33503 
10108400465. 24190, 76489. 95064 


42965, 20910, 62860 
42964, 78405, 11660 
42964, 35900, 44562 
42963, 93396, 61561 
42963,50893,62655 


101088 
101089 


t01085100468,67154,27383,57719 


10108600469, 10117, 35775, 05 563 
10108700469, 5 3080, 01665, 22686 


00469, 95042, 25054, 93175 
00470, 39004,05945,01117 


42963,08391,47844 


42962,65890,17123] 
42962, 23389, 70489 


42961, 80890, 7942 
42961, 38391,29478 


101090 
101091 
101092 
101093 
101094 
lotogg 
101096 


101097 
101098 


00470, 81965, 44336, 30595 
0045 1, 24926, 40229, 65689 
0047 1, 7886, 93625, 9477 
00472, 10847, 4525, 89036 
0472, 53806, 7 2930, 45439 


42960, 95893, 350 94 
42960, 53396, 24788 
42960, 10899, 98559 
42959,68404, 56403 
42959,25909, 98316 


42505, 512 
42504,07098[8409 
42503,83001 409 


42499,02 
42498,7846 
424979433448. 
42497,1030013407 

42496, 26229 $407 

42495,42156{8406c 
42494, 55087484070 
+2493,7401718406 


90472,90705,985840,43755 
00473,39724 82256, 68054 


90473, 82683, 23180, 02401 
00474. 25641, 21611, 30859 


l010g 90474:08598,77551,37488) 


42958,83410,24299 
42958,40923,34347: 
42957,98431,28458, 
42957»55949,06029 


42492, 8995284063 
42492, 05 88684060 
42491,2182 


42957, 13449.68861 


42499,37762134052 
42439,5 3716 3405t 


42512,24095T184122 | 


* 


3 


eee _ 


»-Y. 


— — 


2802 


LoGa 


RITHMS Lab. 7. 
— 


Num. 


101100 
101101 
101102 
101103 
101104 
101105 
101106 
101107 
101108 
101109 


Logarithms 


Diff. 1 Diff. 


00476, 83380, 199 12,85 167 


00475, 11555, 91001, 0349 
00475, 545 12,61961,21494 
00475, 97468, 90432, 66979 
00476, 40424, 76416, 26854 


42950, 90,5145 
42956, 28471, 45485 
42955+85983,59875 
12955,43496, 5833042486, 7516 
42955 01010, 4079742485, 33473 


42487, 85610 
42487,01562 


00477,20335,20923,25964 
00477,09289,79448, 33288 
00478,12243,95488,91179 
00478, 55197, 9045, 83677 
00478, 98 15 1,001 19,948 16 


4295458525, 7324248449433 
42954, 16040, 5789 1 42483, 65 393 
42953,73586.9249842482,81359 
4295 3,31074,11139142481,97 324 
42952,88892, 13818042481, 12204 


101110 
101111 
101112 
101113 
101114 


00479, 41103, 887 12, 8631 
00479, 84056, 34823, 9152 
0480, 27008, 3845 3, 80407 
0480, 69950, 99605, 0642 


00481,12911,18277,71220 


42952, 46111, 052 142480, 29260085 
42952, 03630, 71255042479,45241 
42951,61151,26014[42478,61215 
4295 1,18672,0479914247777197 
42950,76194,87602142470,93177 


101115 
101116 
101117 
101118 
101119 


101120 
101121 
101122 
101123 
101124 


048 1,988 12, 28190, 5 3247 


0483, 27660, 74491. 17601 


048 1, 55861, 94472, 58822 


00482, 41762, 19432, 385 10 
0482, 847 11, 68 198, 98624 


42950, 337 17,94425/42470,09162 

42949,91241,85203/42475,25149 
42949,48766,60114,42474441137 
42949,00292,18977142473,57129 


42488,69660 


42948,63818,61848(42472,73123 


0485, 42399, 68865, 35628 


0483, 70609, 3830979449 
00484,13557,59055,608174 
00484,56505,38529,67778 
00484,9945 2,74932,02204 


42948,21345,88725142471,891211g, 


42947,7887 3,99004'4247 1,05118 
42947, 36402,94486 42470,2 1122 
42946,93932,7 330442469, 37124 
42946,51463,36240'42468,53131 


101125 
101126 
101127 
101128 
101129 


0486, 28292, 29323, 54977 
0486, 1237,95 850, 68945 


00485,85 346, 20328, 71868 


00487, 14183, 19910, 97760 
0487, 57128, 01505, 25410 


42940, 08994, 83 109 42467, 69141 

42945, 665 27, 13968 42466,85 152 
42945, 24060, 2881 542466, ol 165 
42944, 81594, 2765042465, 17183 
42944. 39129, 1047542464.33 202 


101130 
101131 
101132 
101133 
101134 


00488,00072,40034,35877 
00488,43016,37299;13142 
00488,85959,91500,41183 
00489, 28903,03239,03978 
00489,71845,72515,85498 


42943.96604,;7205,42463,49224 
42943, 4201, 28041042462, 65 246 
42943;11738,62795 42461, 81275ʃ87 
42942,69276, 81520 42460, 9) 303 
42942, 268 15, 8421 742460, 13334 


101135 
101136 
101137 


oo49o, 4787, 99331,09715 
00490, 577 29, 83687, 40598 
00491,00671,25583,82112 


101138 


00491,43612,25021,78221 


42947,84355,70883 42459,29309 
42941,41896,41514/42458,45405 
42940, 99437, 96109 
42940, 56980, 34666 


101139100491, 865 52, 82002. 12887 


42940, 14523,57180 


42457,01443]83957 
42456,77486[83956 
4245 5,935 30193954 


TABLE IV. 


Tab. 


4 


NUMBERs to 20 PLACES, 


(201) 


Number 


- Differ. 1 


Diff. 2 [ 3 


P_OOag LY 


1 0000, 00000,00000,00000 


10000,23026, 11602,63807 


10000,46052,76225,57800 
10000, 69079, 93869, 89084 
10000, 92 107, 645 36, 84726 


23026, 11602, 68807 
23026, 64622, 88999 
23027, 17644,31278 
23027, 70666, 95642 
23028, 23690, 8 2099 


1,22087] 
1,22085 
1,22093 


1,22093 
1, 2209. 


53020, 20192 
53021,42279 
53022, 64364 
53023, 86457 
53025. o8ʒ o 


10001, 15135, 88227, 66825 
10001, 38 164, 64943,57474 
10001, 61193, 94685, 78767 


ſoooos 
ooo 


10001, 84223, 77455, 52806 


23028, 767 15, 90649 
23029, 29742, 21293 
23029, 82769, 74039 
23030, 35798, 48885 


10002, 254, 13254, 01691 


23030,88828,45837 


I, ZZIOZ 
I,221 0:0 
1,2210 


53026, 30044 
53029, 52746 
53028, 74846 
53029, 909521, 2210 

oz1, 1906601, 2211 


ſoooi2 
00013 
[ooo1 4 


00010[10002, 30285,02082,47528 
boo! 110002, 533 15, 43942, 1242103031, 94892, 06063 


10002, 76348, 38834, 18484 
10002, 99380, 867 59, 87829 


23031,41859,04893 


23032,47925,6934 
23033, 


5 
5 12 


53032, 4117041, 22112 
53033, 6328201, 22115 
53034, 85 397][l, 22120 
53036, 5 17/1, 22120 


10003, 22413, 877 20, 425) 102 3033, 5 3996, 522 59053037, 29637122125 


00015 
00016 
00017 
fo0018 
00019 


10004, 14551,21935,57932 
10004, 37586,88088,71498 


00020 


10004,00023,07284,03216 
10004,83659,79522,75222 
10005,06697,04806,0965 3 
10005 ,297 34,83135,28651 


10005,52773,14511,54360 


23035,606153,135 
23036, 191 


10003, 45447, 41712, o48300z 3034, oy0o33, 9189 53038, 5 1762ʃ1, 22128 
10003, 68481, 487 50, 967 260· 3034, 600 2, 43658053039, 738 
10003, 915 16,8823, 403840z 3035, 13112, 17548053040, 9601801, 2213 


1522128 
4 


53042, 1815201, 2213 


3171815 3043,40288[1,22137 


3036,72238,7200615 3944,02425|1,22142 


23037, 25283, 34431653045, 845671, 221. 


23037, 78329, 18998053047. 


0671101, 22140 


23038, 31376, 2570905 3048, 288571, 22151 


23038,84424,54566[5 3949, 51008 


1522151 


10005, 758 11, 98936, 8920 


10005, 9885 1, 36410, 14500 


[10006,21891,26934,93233 
10006,44931,70511,672$1123040,96629,91521153954,390 
23041, 49684, 311555305 5,617 


10006, 67972, 67 141, 58802 


23039, 374740557415 395073159 
23039, 905 24,78733153951,95315 
23040, 43576, 740485 3053, 17473 


1, 22156 
1,22158 
1,22161 
1,22163 


4. 1,22167 


10006, 91014, 16825, 89957 
10007, 14056, 19565, 82909 
10009, 37098, 5362, 59825 
10007, 60141, 84217, 42875 
10007, 83185, 46131, 54229 


23042, oz 39, 92952053056, 83964 
23042, 55796, 691605 3058,061 34 
23043, 8854, 8 30505 3059, 2830 
23043,01914,1135 53060,5048 
23044,14974,01835153061,72658 


1,22170 
1,2217C 
1,22177 
1,22177 
1522180 


10008, 00229, 61106, 16004 
10008, 29274, 29142, 505 57 
10008, 523 . 
10008, 75 365, 24405, 26242 
10008, 98411, 1634, 11803 


23044, 08030, 34493 
23045, 21099, 29331 
23045,74163, 46354 
23046, 27228, 88 561 
23046, 80295, 46958 


53062, 9483801, 22185 
53064, 1702301, 2218. 
53065, 392071, 22190 
53066, 6139701, 22192 
53067, 835891, 22195 


40010009, 214588, 31929, 58761 


10009, 44505, 65 292, 89 308 
10009, 67553, 5 1725, 25639 


ooo, 90501, 91227, 89950 
10010, 1 3650, 83804, 04443 


23047, 33303, 30547 
23047, 86432, 30331 
23048, 39502, 64311 
23048, 9257414493 
23049,450460,86877 


53069,0578411,22196 
53070, 2798001, 22202 
53071, 50182, 22202 
53072, 723841, zz 206 


53073,94 1,2220858 


10010, 36700, 29448, 91320 
10010, 59750, 28 169, 72787 
10010, 82800, 79965, 71052 
10011,05851,84838,08328 


1001 1,28903,42788,06828 2305241 1028,81942 


2 3049,987 20, 8 1407 
23050,51795,98265 
23051,04872,37276 
2305 1,57949+98500 


53075,16798[1,22213 
53076, 390111, 22213 
53077, 6122401, 22218 
5 3078, 83 122219 


53080, 666101. 22224 


| Cc 


2 —ů 


PII" 


110 


* * 


r 4 


Log ARITHMsSs and 


Tab. 4 


Numder - Differ. 1 | 


10011,51955,53816,88770]2 3052,64108,87603 
10011,75008,17925,70373123053,17190,15488 
10011,98061,35115,91861[23053,70272,65598 
10012,21115,05388,57459[23054,23356,3793 
10012,44169,23744-95 39512305 4.70441,325 


— 


Diff. 2 


53083, 72338 
53084, 9457 


oo0O5 5 
0056 
ved 1.4 


0059 


058} 


10012,07224,05186,27901[23055,29527,49309 
10012, 90279, 34713,77210|23055,82614,88350 
10913, 3335,17 328,65 560. 3055, 35703, 49629 
10013, 36391, 5 3032, 15189 


10013, 59448, 41825, 4834102 3057, 41884, 38920 


00000 
00061 
00062 
00063 
00004 


23056,88793,33152] 


53087, 39041 
53088,61279 
53089,33523 
53091,05768 
53092, 28015 


10013, 825056, 83709, 87261 
10014, 05563, 78686, 54196 
10014, 28622, 26756, 71398 
10014, 5 168 1,27921, 61121 23059, 54260, 84499 
10014, 74740, 82182, 45620 23060,07358,015 36 


23057,94976,00935 
23058,48070,17202 
23059,01164,89723 


DO0005 
00006 


3 


53093, 50267 
5309472521 


5 399717037 


1014,97 800, 89540, 47 150] 2560,00450,40835 
10015, 20861, 49996, 87991 3061, 135 56,02 397 


00007 
00068 
joo06g 


10015,43922,03552,90388 23061,66656,86229 
10015,66984, 30209,700171,2062,19758,92331 
10015,90046,49968,08948 23062,72862,20706 


00970 
00071 
72 
73 
00074 


53099,01562 
3100, 83832 
53102, 6102 
53103, 28375 
53104. 50651 


wi 


5308 , 16803 


53095, 94776 
53098, 39299|1,222 


10016,13109,22830,89654172063-2:960,71357 
10016, 36172,48797,61011 2 — 
10016, 59236, 27870, 52 
10016, 82300, 60049, 448 


23064, 85 287, 56998 
10017,05 365, 45 337,01798 . . 


23065,38396,90782 


00075 
00076 
00077 
00078 
00079 


53105,72931 
53100,95213 


23064,32179,39501[c 3108, 17497 


53109439784 
53110,02074 


10017,28430,83733,9858 
10017,51496,75241,57430 
10017,74563,19861,00061 
10017,97630,17593,50550 
10018,20697,608440,29402]23068,03902,30116 


23065, 91507, 58856 
23066, 44619, 43225 
23066, 977 32, 49889 
23067, 50846, 78852 


loooso 
081 
00082 


boo8; 
30084 


53111,84369 
53113,00664 
53114,28963 
$3115,51264 


10018, 43765, 72402, 595 18023068, 57079, 3685 
10018, 668 34, 2948 1,6632030 3069, 10196, 99560 
10018, 89903, 39678, 62763 23069, 63316, 17747 
10019, 12973, 2994, 805 1012 3070, 16436, 58246 
10019, 36043, 19431, 387 56 3050, 696 58, 21 


008 5 
2008 


„ 


53117,95875 
53119,18187 
53120, 40499 
53121,52814 


10019-5911 3-03989,5981 23071,22681,06192 
10019,82185,11670,66008[23071,75805, 13648 


90087 
20088 
20089 


10020,05250,87475,79656125072,28930, 43425 
10020, 283 29, 16406, 2308 123072, 82056, 95531 
10020,51401,G8463, 18612023073, 35184, 699 


53124, 7456 
53125929777 
53120,52106 


53127,74435 


D.; 


53081, 27885/122225 
53082, 0110, 22228 


1,22295] 
1,22294] 
1,22299] 
1,22301 


53116,73569 


53122,85132 


53128,96707]1, 


20090 
0091 
20092 
122993 
50094 


10020, 97 549, 21961, 55311 
10021, 20623, 63405, 41147 
10021, 43698, 57980, 68425 
10021, 66774. 05688, 59484 


2307 4,94575,27278 
23075, 4705, 9105 
23076,00841,77186 


10020,7447533047,88578[23073,88313,067 33 53130, 19103 
23074-41443,85836[53131,41442 


53132,03781 
53133-80127 


20095 
20096 
20097 
20098 


120099110022, 82159,41260,53648123078,66529,43071 


10021, 898 50, o65 30, 3667 

100 22, 12926, 60507, 22328 
1022, 36003, 67620, 38809 
10022, 59081, 27871, 8463 


23076, 5 3976, 8565 
23077, 7 113, 16481 
23077, 60250, 69654 
23078, 13389, 46185 


52129/3625 
5313753173 
53138,75531 
53139,97886 


5313510847211-2235 


1,2235C 


1,22358 
I,22356 


1,22303 


53141, 20249 


Tab. 4 7 


NUMBERS to 20 PLACES, 


Log. Number Differ. 1 


Diff, 2 


10023, 5 238, 7789, 967 19023079, 19570, 03320 
0010110023, 28317, 27460, 60039 z 3079, 728 13.0593 
„010 f 10023, 5 1397, 0273, 659700 3080, 25956, 091 
00103010023, 74477, 262 30, 3688002 3080. 79101, 58256 
010410023, 97 558.0633 1,95 13623081, 32247, 67976 
„oog 1e, 20639, 37579, 631120 z 308 1, 85395. O 
0010610024, 43721, 22974, 63 182023082, 38543, 54542 
010710024, 66803, 615 18, 17724423082, 91693, 31394 
00108[10024,89886, 53211, 49118023083, 44844, 30529 
00109110925, 12969, 9805 5,79747123983,97996,52250 


00100 


53142,42011 

53143-04979 
53144-87340 
53140,09720 


53149,70852 
53150,99235 
53152,21621 


44011 


222924] 2237 
53148, 54472 


20110 19025, 3905 39005 2,31997123084,5 1 149,96261 
20111[10025,59138,47202,28258[23085,04304,62664 
901 1210025, 82223, 5 1506, 90922 3035-57 409,5 1460 
0011 3[10026,05 309,08967,42382[23080, 1 17,62654 
50114[10026, 28395, 19585,05036123086,03775.96248 


53154-06403 
53155,88796 
5315711194 
53158,33594 
53159,55997 


00115/10026, 5 148 1, 83361, 128423087, 16935, 52245 
0011 on rho b xr ,30649 


20117110026,97056,70392,84178[23038,23258,31460 
[0118[10027,2-744,93051,1503 23088,76421,54683 
00119110027,43833,70072,70321[23089,29586,00321 


53160,78404 
53162,00811 


00120[10027,66922,99058,70642]23089,82751,08375 
00121[10027,90012,82410,39017[23090,35918,58850 
00122[10028,13103,18328,97867123090,89086,71747 
00123]10028,36194,07415,69614[23091,42256,07069 
00124110028, 59285,49671,760683[23091,95426,04821 
„0125028, 82377, 48098, 41 5043092, 48598, 45003 
0012610029, of 469, 93696, 865073093, 01771, 47619 
e 26123093+54945»7 2673 


0012810029, 51656, 504 14, 67990/3094, os 121, 20165 
00129010029, 747 50, 885 35, 269640 3094.6 129), 90100 


53175,47492 
53170,09935 


00130[10029,97845,19833,17004[23095,14475,82481 
00131[10030,20940, 34308,99545[23995,67054,97310 
00132110030,44036,01963,9685 502 3096, 20835, 34589 
001330030, G 132, 22799, 31444 ʃz 3096, 74016, 94322 


01350031, 13326, 24016, 0227 802 3097, 80383, 81161 
50136110031, 36424, 04399, 834393098, 33569, 8273 
51370031, 59522, 37968, 917 1202 3098, 86755, 57849 


53179, 14829 
53180, 37279 
53181,59733 
53182,82190 


0134/10030, 90228, 968 16, 2576612 3097, 27109. 765 1215 3184,04649 


53185,27112 
53186, 49576 
53187, 72045 


53188,945 14 
53190, 1698 


53177,9238111 


th. — 


00138[10031,82621,24724,49561}23099, 39943, 29894 
2 


: 5 


Ccz 


139110032,05720,64667, 7945 5123099,93132.24408[5 


. 


Barccs's Logarithms of all Numbers to 100, and of Primes under 1100, 
to Sixty- one Places. 


NI 204) LoGARITHMS Tab, 5jNj 
1 >*00000,00000,00000,00000,00000,00000,20000,00C00,00000,C00C o, ooo, oc 
2 ˙ 301802, 999 86,6398 1,1921, 37388,94724, 49302, 6768 1,8988 1, 46210, 85413, 1042); 
3547712, 12547, 19 662, 43729, 50 279,032 55, 11530, 92001, 8864, 19069, 53648,298656 
4460205, 99913, 27962, 39042,74777,39443,98605,35363,79762,92421,70526,20854, 
55989 7, oz, 26018,$0478,62611,05275,50697,32318,10118,53789,14586,89572; 

b6P*77815,12503,$3643,03250,57667,97979,00533,59053,15745,05250,44061,402g31 
P- Sag, 80400, 142 56,83071,22162,58592,63619,34535,7239 388558, 65e 
8 C ˙ 3032, $9A39,3108 4 

2:95424,25094, 39324,87459,00558,00510,23061,84002,57728, 35139,17296,597313 
too, ooo, 00000,00000,00000,00000,00000,00000,00000,0C000,00000,0C0c00 


154139, 26851, 5822 5,0407, 1999, 71243, 02424, 17067, 2190, 40645, 30945, 96 5390 
107918, 12460, 47624, 82772, 2 50 66, 92704, 10136, 27365, 08627, 11491, 29474, fg 
1 11394, 33523, 68 36, 76920, 6 5051, 57942, 32843,08297,29188, 38 706, 82718, 011910 
t-14612,50356,78238,02592,59551,52317,12922,02517,62277,76007,39476,140624 
1*17609,12590,55681,24208,12890,08530,62228,24319,38982,72853,73235,19438: 
1+20411,99826,55924,78085,49555,75897,97210,70727,59525454843,41052,41709d 
(23044;8921 3,7827 3,92854,01698,94328,33703,0007 5.0737 5,42.504,03973,50368; 
25527, 5051, 03 306, 069 „37947, 1234, 72 364, 51684, 47609, 843 50, oz 709, 01 587 
127875, 36009, 2828,96 153,63 334,75756,92931,79511,29337,39449, 5989, 08 189 
t. 30102, 999 50,6398 1,19 821, 37388, 94724, 49302, 67681, 8988 1,462 10, 85413, 104275 
21 Jr: 32221,92947, 33919, 26800, 72441, 61847, 75150, 26837, 1260, 51466, 12713, 33 5005 

[+34242,26508,22206,23536,39388,65967,51726,64745,9207 1,920 50,10 359,009665 
:[1-36172,78360,17592,87886,77771,12251,18954,969745,11034,33609,61882,7 56055 
4|1-+38021,12417,11606,02293,62445,37428,59438,95046,938508,57702,14887,61148c 
[ 1*+29794,00086,72037,60957,25222,10551,01394,64630,20237,07578,29173,791451|:; 


1771497,3347, 70817, 96442, 2440, 52006, 82 145, 75979, 19069, 849 17,68 131, 116184, 
43136, 37641, 58987, 31188, 508 37,9765, 34592, 76003, 86 592, 57208, 7 5944, 89 fcb ge; 
1.44715, 80313, 422 19,22 113, 96940, 48041, 62224, 70199, 5215, 24818, 24891, 244890018 
146239, 79978, 989 56,08 733, 28467, 2969, 2 5499,12 542,944 17,8871, 384 10,65 3969]: 
1.47712, 12547, 19662, 43729, 50279, 3255, 11530, 92001, 28864, 19069, 58643,298656|;" 
149136, 769 38, 34272, 7966,64, 01 18,4157, 2 3037, 1558, 30418, 46 5 59, 383408 
F 19905,97000,86944,7 3023 40513, 36409 494074310 541270051$21373 32 
1*51851,39398,77887,478c4,52278,74498,13955,09068,31054,65714,89594,264<47];3 
1*53147,89170,42255,12375,39087,89052,83005,67757,57259,58715,49356,907959]34 
5|1*54406,80443,50275,63549,84773,63568,14316,67153,82514,86185,68651,932075]z; 
1+55630,25007,67287,26501,75335,95959,21667,19366,37491,30560,88122,805862 
-|1' 56820,17240,66994,99680,84506,89539,12944,79529,72690,16631,25466,176799];" 
1*57978,35966,16810,15675,00723,70481,422 34,47 193, 19218, 8 5660, 61402, 17246300 
1 59106, 46070, 26499, 206 50, 15330, 61197, 44374, 0298, 58052, 57776, 41306, 31056033 
1*60205,99913,27962,39042,74777,8944%,95605,35363,79762,92421,70826,208 ff 
161278, 38567, 19735, 40450, 94118, 49968, 18079, 95305, 13633, 83368, 70890, 53567 
1762324, 92903, 97900, 40322, og8 30, 56 572,24452,94518,91141,9 7676,98 125,439281 
1·63346,845 85, 79586, 52640, 5088 1, 53229, 2215, 88087, 4884, 38009, 34144,247493]41 
1·64345,26764, 86187, 43117, 76777, 60692, 1029, 52430, 8 1953, 39067,01772,173930 
165321, 25137, 75343, 7937,63 169, 1178, 73759, 16320, 67846, 91928, 3188 3,40 0,15 


_ — 
156627 5,78 316, 81874, 07408, 18160, 6976, 682 87,6465 21009154 79820,47 295905034 
1567209, 78 579, 35717, 46441, 42 193, 90449, 20064, of 598, 3098, 42994, 78270, 373260 
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1-68 12451237 337 $5872 18 14,998 34,32 18 3508741, 62728, 88 390, 3913, co 300, 715758 


„ 


1.690 19, 60800, 28 513, 66142, 44325,1718,27238,69671, 44792, 64793, 08 1 30, 02699 
r-69897,00043, 36018, 80478, 626 11,0275, 50699, 32318,10118,63789,14586, 828725 

1707 57,1760, 979 36, 36 583, 51977, 97883, 45233, 92076, 96242, 61574, 22622, 10234 
1.71600, 33436, 34799, 15963, 39829, 47391, 31448, 43661, 8951, 31128, 5354422045! 
72427, 58696, 0789, 4 863, 29922, 91627, 256 59,695 5,0240 1, 29493, 7805, 94t 0; 
73239, 37598, 22968, 50709, 88226,04489, 8 389 5,4368 5, 76474, 3419, 613 58, 0 
74036, 26 94942437845 53,64610,76518,53121,49385,12309,00434,45532,%61110 
561748 18, 80270, 06200, 41635, 343 29,42 766,1 1527, 37881, 4204, 7 1029, 10304, 34917 
175587, 48 586, 72491, 30883, 136 13,790 12,4462, 71512, 58201, 58 57, 34637, 366845 
5 1.76342, 79935, 62937, 282 54,658 56, 57693, 74801, 80224, 84299, 34926, 2382 3,7582 
59 1*77085,20116,42144,19026,06563, 45351442 3,39267,44474,93076,52155,27255 
50 77818. 12 C03. 83643, 32 50,87667,97979,60833,59683,18745,6c280,44061,40293] 
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Irab. 5 Loc ARIT Hus to 61 PLACES. (205) 


61 (5755 32,98 350, 10707, 3358, 57485,13757,32134,92033, 787511349, 42120, 703489 
62]1* 792 39, 16394,982 53,87488, 4429, 94842, 90874, 905 18,91439,76629,31972,487773 
631.799 34,0 5494,53 581,05 30, 22720, 65 102, 8668 1, 18838, 30124, 0535,71361,633662 
6401-806 1,9973958 3887, 17128, 24333, 68 346,958 16,609 1, 39288, 77268, 12478,62 5645 
65]1+$1291,33566,42355,57399,27062,63217,33540,40615,39306,92495,97 304,997635 
6611319544 3935 $,41808,67325,89667,69222,03257,76750,20936,11925,75007,368321 
67 [82607 48027,00846,43414,91316,29226,06858,09496,26080,56861,3 691,17916c 
65|1+33250,89127,06236,31896,76476,83777,32 398, 35439,47141,34926,34500,0122 34 
69]1+8 3884, 0907, 37255, 31616, 28050, 15 506, 3038 5, 88976, 39895,52079,20531,054711 
7c[1+34309, 30400, 142 56,8 30) 1, 22162, 68 592,636 10, 348 35,7236, 32396, 5406 87035357 


(*85125,83487, 19075, 8609, 28294, 35035,42913, 52704, 19901, 0039, 197, 7499 
185735524964, 31268, 4602 3,12724,90683,70969,57048,27372,79771,73535,910137 
1.86332, 28601, 20455, 9010), 43869, 00470, 308 53, 44528, 68255, 31165, 74851, 000 
186923, 17 97, 30975, 19202, 21895,84263,62247,47511,62 71,2842, 10879, 281074 
1+$7506,12633,91700,046$6,75501,13306,1292 5,56037,49101,26647,$7822,090107 


1*$8081, 35922,80791,35196,35112,65205,91537,14575,09100,31571,46515,270732> 
188649, 072 51,7248 1, 87146, 24162, 29835, 66043, 5 1902, 7456, ff, 8 5011, 024 

-$9209,46026,904$0,40171,52719,55921,93676,679%0,47934,03957,20779,414541 
i89762,70912,90441,42 799,482 13, 30478, 24968, 64828,62019,02515,03156, 163513 
1.90 308, 99869, 9 1943,58 564, 12166, 4173, 4790, 3045, 69644, 38632,50239,312524 


$1]1-90848, 50188, 78649, 74918, 01116, 13020, 46123, 68005, 15456, 76278, 34593,194026 
92491381, 38523,83716,689 22, 3150% 44592, 67382,62987,03515,29579,55303, 177842 
$3]1-91907, 80923, 6073, 90383, 27603, 52027, 26124, 70016, 37658, 08063, 4535, 293705 
54J 92427, 92860, 6188 1,6584 3,47219,51296,73755,02200,81023,43887,83539,543555 
$5]1-92941,39257,14292,73332,04399,99603,84400, 32 393,77490,96293,78560,099410 
56 1 93449,845 12,4350, 210,8 270,½47953,71518, 55 709, 475,842 20, 19558,351708 
57 93957,92 526, 18618, 52452, 78746, 66224, 37030, 4544, 3282,07 54, 97058, 952625 
88194443, 26721, 50168, 62639, 14166, 5 5416, 50332, 20112,71834,85277,87185,278214 
891949 39,0066, 449 12,78472, 35433,69702, 4112,46 51,618 58, 10024, 45836, 328694 
gest 5424. 2 8004, 30 324, 872459, oo 6 58, os 3 10, 2 306 1, 84002, 87728, 38130, 17296, 897313 
911 95904,13923,21093,59991,872 14,105 34,9402, 43133, 01584, 71103, 30783, 45259 
92196 378,78273, 45555, 26929, 52 549,017, 17560, 32338, 90797, 26031, 32708, 964604 
9396848, 2948 5,5 3935, 11696, 17320, 3373,53 103, 15038, 3o422, 49488, 5207, 682155 
94097312, 78535,99698,6 5962, 79582,94173,69 366,692 79, 92979, 89205, 63683, 477569 
9897772, 36052, 88847, 76632, 2504.8 1032.435620, 11820, 20488, 3238,9067 6,9629014 
9695227, 330, 39508, 41330, 37223, 708 77, 58044, 30410, 78221, 50123, 85713, 820029 
9798677, 17342, 66244, 85178, 43618, 11665, 57744942 58,41 584,6 3886,69747, 187207 
98]1-99122,60756,92494,85663,81714,11909,76541,37353,34®74,11003,93543,176974 

99] '99553,51945,97549,91534,02557,77753,25486,01069,59918,84754,43242,562703 
5 1j, 13737, 82642, 57427, 5188 1,78222, 93791, 32192, 89358, 20645, 25914, 088186 
oz ,jNm 72247, 05 72,2051, 10711, 94580, 23942, 43905, 23496, 97603, 5647, 528079 
tor 9z8, 37776, 8 5209, 64083, 45412, 39467, 43564, 1268, 16891, 6340 1,9319, 86620 
10903742, 64979, 4623,63 520, 5133, 02613, 87528, 66422, 04522, 82798, 3682 f, ogo0o5 


127]2119359, 37209, 55956,86424,69874,21827,28625,85765,632 39,792 39,33677,057822 
13117727, 12950, 55704, 2008 f, 00 542, 70097, 7 38 59, 47801, 63117,12162, 9689, 770335 


139% 14301, 48002, 54095, 8045, 64332, 02319, 84731, 44797,32967,91785,93396, 574308 
149 17318,62684, 12274, 03825, 3635, 42628, 33705, 39346,71326,37222,11012,048653 
15117897, 60472, 93169.45686, 90) 30, 55 327, 20278, 84460, 93428, 77687, 48 0, 971401 


1135307, 84434, 83419, 72279, 52270, 28609, 44818, 47783, 8 3623, 62209, 73395, 157054 


(37]-'13672,05671, 56406, 768 56, 29266, 27114, 78973, 36782, 2970746423, 50456, 632444 


15719589, 96 524, 09233, 3676, 148 11, 29897, 28370, 3065 1, 90992, 785 52,95873, 594477 
1632 21218, 6044, 03957, 80764, oog 14, 3592 5, 99475, 49930, 97247, 35985, 06185, 303704 
167]: 22271,64711,47583,27998,40759,09920,4675 3,44613,38401,33125,82289,069635 


t179]:*25285,30309,79893,16957,03826,91773,053861,94310,72090,67852,86239,477285 


[73]:*23504,61031,28795,41456,05302,58758,46588,77816,83269,13492,66453,998743 


131 


1911: '28103,33672,47727,53763,50435,932 70,61031,84957,36134,17824,30405,891262 
197 2˙29446,62261,6 1592, 92737, 7443,77, 15501, 75120, 6467, oog 5 3, 36906, 1807 


25767, 8 5548,69 184, 51028, 97436, 764 12, 29249, 22479, 59232, 72291,88769, 574799 
1935˙28555, 73090, 773, 760 50, 72386, 46353, 31082, 10979, 21601, 94604, 88472,889733 


1900/290886, 30764. 0076. 6 5010. 002 17,8440, 80284, 14948, 88771,40827, 32421, 0068 


21½2˙32428, 24552, 97692, 0 508, 1558 1,2992 7,88 50 5, 15 502, 58 502, 90193, 80 899,014730 


223 


227 
229 


233··36735, 592 10, 26018, 97218, 91388, 38476, 8 59 36, 8884, 54098, 3 2289,47 50, 38142 
321237839, 79009, 481 37,68 F800, 16611, 60147, 892 12, 7092, 22421, 69429, 8 5262, 599734 


2348 30, 486 30, 48 160, 67347, 5 1762, 16240, 35284, 4534,42 37,9802 T, 8 177, 231882 
2'35602,58571,93122,72010, 30489, 64753, 7294, 74838, 78261, 56058, 48416, 445 50 
2*35983,54823, 30887, 994 12, 79298, 6 5526, 5887, 033 88, 93242, 54328, 14002, 893934 


— — * 6—— 


N (206) LoGARITHMS Tab. 5 


41]2*39201,7042 5, 4868, 38407, 688 39,664 54,6 3294, 43845, 5422, 87941, 37116, 9 
251 ˙39957, 37214, 81038, 13934, 5493, 16706, 90408, 18 574, 6668 5, 39315, 23086, 557977 
25749993, 31233,31294, 3716, 28954, 59 19,6318 3,9299,89891,62261,22190,65 085 
26341995, 57484, 89757, 86897, 2335,88 3870, 11811, 42207, 55733,87652, 55581, 847682 
2690-42975, 22 800, 2407, 98008, 72285, 15871, 27175, 37709, 54680, 10337,16358, 202492 


27 112*43290,92905, 74495,72952,11501,9457 5, 18020, 90 20,8099, 1147, 47190, 598) 
7.44247, 769, 4445,5537 7577 563, 19 509,788 37,9223, 84739-72572, 00838, 275840 
81244870, 63199, 5079, 89286, 39179, 16275, 8871, 55000, 84994, 87733, 11091, 225526 

25 312*45178,6435 5, 24290, 23555, 895 19, 10570, 2377298828, 25398, 13326, 05411, 83408 
9 3.46686, 76203, 54109, 45624, 3758 5, 12602, 18133, 14970, 80293, 87633, 01801, 387293 
7E 45713, 83754, 77186, 4847 5, 4084, 305 39,33 504,93281,898 17,2663, 11352507959 
31112-49276,03590,26537,50555,30231,83253,64155,535949,15519,90441,42367,752324 
13þ2 4955444337 5,4548, 48480, 81265, 4861, 24315,15792,98693,98571, 52993, 196813 
31750105, 92622, 17751, 49455, 32290, 16378, 22488, 04877, 22158,71549,07278, 111979 
331-8519082, 79937, 75718, 73860, 8 1406, o) 340, 8 866 3, 50827, 13549, 506 14, 46087, 298815 
37 P '$2702,99008,71335,02019,00147,90194,5I019,57041,55100,50335,94145,590771 
34% 54932,94747,90573,71353,53573,03206,97397,86865,56176,91243,65052,250367 
54282, 54269, 50179, 89654, 1719,77 59, 3066, 31783, 0866, 15487, 4181, 990290 
353 54777,47053,57822,56549,70693,15968,56119,79362,71500,87293,47356,171765 
359% 55509, 44485. 78319, 14781, 65293, 94413, 89970, 2357, 64461, 12862, 45018, 194841 
0E 5640, 0042, 52059, 33795, 75290,93000,90914,75947,52157,5777 337 3355,52916c 
73þ-*57170,88318,03687,60550,68969, 38701, 43991, 49308, 33032, 45651, 82236, 828475 
379% 57863, 92099, 68072, 34193, 14620, 59454, 4405, 29413, 87210, 96923, 1381,08 1285 
8E 58319,87739, 68622, 74037, 90461, 29502, 11234,478 57, 39787, 51936, 8 1090, 658346 
8958994, 0601 2,25707,73624,49469,11731,95270,14076,41221,24688,95645,064 384 
30 E 59879, 55067, 63115, 0587, 8452, 40068, 3112, 25522, 37562, 91876, 18078, 588386 
401]2 60314, 43726, 20182, 306 54, 46411, 48 149, 4 549, 5 189, 88963, 37359, 82761, 562011 
ogþe 1172, 33080, oz 341, 80360, 95027, 17736, 46679, 00 320, 51 595, 5255, 7279, 405: 
1.222 1, 40229, 66295, 3098 5,7395, 99373, 73621, 5514,08 166,99180,26223,814797 
4210262428. 20088, 35668, 30744. 40669, 23421, 44371, 09437, 88488, 01681, 56998, 58298 
203447, 72701, 50731, 05, 2803, 2184, 57878, 49873, 53233, 162 32, 39160, 168424 


201 
251 
257 
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269 
271 
275 
281 
283 
293 
— 
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331) 
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34 
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263648, 78963, 583365, 44209, 80664, 4968 5, 26766, 8604, 17833, 538 39,540 52,63 3209 
43912 4240,45 202, 42121, 37063, 37411, 50613, 31363, 46233,64482,93197,78492,698498 
4 202 64640, 37262, 23069, 5602 3,0 1044, 89684, 5 3902, 8 32 30, 69450, 39547, 31960, 218878 
2·65224,63470, 3323, 17401, 90263, 53743, 43105, 35027, 59942, 1108, 72112, 400383 


57 E599, 2000, 698 50, 22235, 35461, 45220, 47714, 05940, 10155, 52489, 5 5020, 587883 
40 1 66370, 9253, 89648, 145,468 18, 18487, 42 133, 71937,47244, 048 39,2463, 622776 
46 3. 66558, 09910, 17953,13567, 41931, 8438, 70855, 0157, 65450, 46974, 5 3874, 8 38090 
57 f·˙66931,68805, 66112, 16308, 805 10, 89779,99574, 10010, 61401, 55968, 77553, 84228 
479 268033, 88134. 14563, 22000, 696 30, 66962, 31078, 27266, 76340, 01805, 94696, 676822 


48 71-057 52,59612, 14634, 332430, 32050,04435,75372,35433,54413,59009,09000,2725d 79, 


if: 69108, 14921,22968,47275, 36909, 83546, 3943 5, 54324, 952 19, 43164, 6 5484, 93 5064 
499 698 10, 5436, 23339, 91416, 590 50, 36033, 38846, 73162, 68889, 76 58 5, 4407, 216866 


ozE 756, 798 50, 5592, 39709, 2240, 90279, 52805, 50061, 9311, 53264, 13100, 626989; 
ogE-2062 1,2823, 36288, 74656, 8262,11 564,2 550 1, 5116, 31022, 82705, 0 327,732 5050 
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3 


7784569978048 366 
7 7849155½7˙805166 5 
78526097 ˙8054962 


7856060780582 5677 
785950878061 547177 


40. 


39 | 3#% 


CoTanGEnts. 


— +  C— 


(224) 2 Deg. 


Sides. 


„ 


N 27 


257 


267 


270 


72870 


297 


300 


98439338 
98442353 
5445360 
75448377 
98451385 
98454392 
28482 


78616623 
7861951) 
78622410 
7˙862 5 300 
78628189 
7˙863 1075 
78633960 


7.578953 
7˙8789736 
78792517 
78795297 
78798075 
7*88008 50 
7*8803625 


7*8950854 
78953534 
78956212 
7˙89 58889 
78961564 
78964237 
7· 8966909 


79121699 
79124276 


7910879379 ο, 
7*9111378[7*926368s5 
7*911396cf7*9266159 
7-9116542[7*9268671 
7*9119121]7*9271162 
7 


9273651 
9276139 


79408419 
7˙ 9410831 
79413241 
79415651 
7*9418059 
79420465 
749422871 


7:8460398 
75453359 
7:5460397 
18469393 
71-8472 357 
75475379 


7:3636843 
7 8639723 
78642602 
78645479 
13645354 
58651228 


78806397 
7*8809167 
7*8811936 
7*8814703 
7˙88 17469 
7˙8820232 


7 8969579 
78972247 
8974914 
78977580 
78980243 
7˙ 8982905 


7*9126851 
79129425 
79131997 
91734567 
8 
2213970 


- 
/ 
/ 
= 
/ 


7 
7 


78626 
81111 
283595 


2 
2 


79425275 
79427677 
79430079 


286077 


9 
9 
9 
9 
9286 
92885 58 


7˙9432479 
79434577 


79291037[7*943727517*957474; 


Tab. 
Tuan 


— — 
7˙95 50 bc 
7955313]; 
79555486 
79557815 
79560149 
7*956247% 
7*9564%< 
79567133 
7*95694z% 
79571782 
7 ˙9574toß 
7*957642; 


7 5496265 


7 8478369 
7 8431357 
98484343 
7 8487320 
7:3490308 
78493288 


78654099 
7˙86 56968 
78659836 
7+3662702 
7˙8665565 
78668427 


78822994 
78825754 
78828512 
78831269 
7˙8834023 
2883677 


7˙8985565 
7˙8988224 
7˙89 90881 
7˙8993 536 
7*8996190 
28998842 


7˙9152518 
288026 


7:914226917*929351617"9439671 
791448 3417"929599217*9442066 
7'914739717"9295846717"9444459 
7*9149953]7-930094117"94468 51 
7˙9 30341 
7*939588517'9451631 


79449242 


7*95%106- 
7958338; 
7*9585702 
7˙9588017 
79590331 
22592645 


78459241 
78502215 
7˙8 505 186 
7 8508156 
78511123 


73671287 
7˙8674145 
78677001 
78679856 
7*8682708 
73635559 


78839528 
78842277 
78845025 
7 8847771 
7*8850515 
78353255 


7*9001493 
7:9004141 
79006789 


7 90094 34{7*9165 
7:9012078[7 916784607˙93 18219794635 59 


7˙ 9157633 
79160189 
7:91627 


7930835 
7:9310823 
7931328 
29517*931575517*9461176 
20682 


7'901472117'9170394517*93 


794540tg 
79456406 
79455792 


| 


79465940 


7*9594956 
7˙9597207 
79599576 
7*960188; 
79604192 
79696497 


7'85140358 
735179252 
7:3520013 
113522973 
78525930 
78528885 


7 868840 
7869125 
7869405 
7*869694 
7:369978 
7870262 3 


78566945 
7-$369677 


73855999 


788 534738 7 


78861475 
78864211 


- 


9020001 
7:9022639 


9030542 


7˙917 
7˙917 


; 


7'91856 


7˙9017362˙9 1729437 93231437˙9468321 
48917*932 5603}7*9470700 
03417*932806117 947 3077 
7:9025275}7:9180579]7*9330518]7"9475454 
$027909[7*918 312017 933297417*94775829 
7'933542817-9480203 


7961110; 
79613407 


7*9605802 


7:9615708 
7:96 1806% 
9:9620306 


785318397 8705461 


75534790 
78537739 
98540685 
58643632 
7884525 


| 


78708296 
78711120 
7˙8713962 
7˙8716792 
78719621 


þ 


78372407 
7˙8875136 


79883312 


78877863 
7˙8880 589 


78886034 


7 


7˙9038431 
7 9041057 
79043652 


9033173 
79035803 


29046 305 


| 


791983407" 


7-9188 199]7"93378581 

79190 73617*6 34033 

7919327217 634278 3[7+9437 316 
7919580934523 179489085 
934707917 9492052 
792008 7117935012547" 9494418 


7:94*4946 


7:9482574 


7:9622603 
7 
79627194 
79629457 
7 
79634071 


9624899 


9631780 


578552450 


8549517 


78555393 
78553329 
78561262 
73554193 


| 


i 


78722447 
78725272 
78728095 
78730916 
78733735 
7˙87365 52 


78891473 
78894790 


7889961 
7˙8902 330 


8888754 


þ 


7889690 


; 


7'9045927 
79051547 


79056783 
7 
7˙ 9002012 


7:60 54166 


90 659398 


7920340 
7˙9 2045 


N 


7 92059304) 
7˙935745 


7:92 16030]Þ7 


79352569]7"$490 
$355012}7*9499146 
7.9501 508 


1 
7˙92 0983793590895 95038697 9643223 
99213509 


*0392334j7*9506229]7*9045 50% 
93647727 $50558717*9647792 


783 


7*9636361 
7*96 38649 
7:9640937 


718567123 
7357005C 
7:8572976 
78575899 
78578821 
78581740 


; 


| 


75739367 
78742181 
7874993 
78747803 
7*8750611 
78753417 


| 


78905040 
7 
7˙89 10455 
7˙ 891316 
789586 
7898865 


8907749 


7*906462 
7-906 72 36 
79069844 


= 


729077662 


79072451 
79075057 


922107 
7˙ 9223389 


PPS.” 


2 


79 
79231130; 


937936 


7˙95 


ais; 
7930964 3}7"951330017" 
7*9374C7 
7 92261067 ˙93745097˙9 


51800 


$2117'937694017*93203907 


156544796 54637 


9652356 


54 


13584658 
78587574 
158590487 
18593399 
7˙8 596309 
8599217 


78764625 


7*8756222 
7875902 5 
7*%8761826 


7*8767422 
78770218 


78921265 
7-392 3963! 
7*39 6660 


7*3932048 


7*8929355 


| 


72934740 


7-902026 5 
79082866 
79585466 
7988 
790906600 79243683 
28023256 


[7923515 
7-923266 
79241177 


79246188 


7923354517"939179 


7˙93866 5 
7938907 


4 


oy 


938422 


939149 
"939391 


79532100 
79534444 


: 


932506 
952740 
952975 


9536787 


- 
by 


4 - 
57˙966 5293 


79675565 
79671536 
7*967 310 


7 


*9663746 
*9666020 


—> 


55 ˙8602123 


78605027 
78607929 
78610829 
78613727 
18616623 


. 


178775 594 


8773011 
8775803 


78781382 
78784168 
28786953 


78937430 
789 
79942804 


738945439 
78945173 
78950554 


79095849 
7909 
79101031 
7˙9 r0362c 


7˙9248692 
79251795 
79263690 


7:9T06208 


7:91c379 317926119 


79286795 
7˙9 268693 


7939633 


79539129 
793997 5717*9541470 
7940117 547*9543809 
7*94 \359117*9546 147 
7:9406005[7*9 543454 
7940841 


*9550517: 


79677374 
7-9679641 
7-963 5907 
7:9684172 
4+9686436 
947-9688699 


— 


| 


* / 
a 


34 


33 


32/ 


317 


1 


27 V 


ä 


Cosix Es. 


$9 Pegs 


ip 


— 


o Deg. 


Lax ENrsõ. 


(225) 


M 24 

„ 
13439444 
18442459 
8445472 
73443453 
7:3451492 
18454495 
73457593 
78460505 
78463590 
73456594 
„8469500 
8472494 


E = © > — } own 4. wo — > 


78478477 
„8481465 
„8484451 
8487435 
58490416 
23322 

8496374 
„8499350 
78502323 
8805295 
„8508265 
78511232 


13 


25 


207 


277 


78610738 
7·8619632 
78622525 
8525415 
7˙8625 304 
78631191 
7·86 34076 
7·86 36958 
78639839 
78642719 
78645596 
73645471 


| 


1847 5437/7-5651344 
— — 


78787077 
78789301 
78792642 
78795422 
8795199 
7:3300975 
7*8503750 


73950985 
7*395 366% 
75956347 
„8959023 
78961699 
73964372 
7*89670 


78806522 
78809293 
7+38$12062 
7*$314329 
73817594 
7*3820358 


7:38969714 
7˙8972383 
7*8975050 
78977715 
7:3930379 
7*39$3041 


— — — 


7˙86542 10 
7˙86 5708 5 
778659953 
7:3662819 
7˙866 5683 
28668545 


78671405 
713674253 
73677120 
78679974 
73682827 
7:86$5677 


78823120 
78325880 
78825639 
78831395 
7˙88341 50 
7˙88 36903 


7˙ 3985701 
7.8988 36 

7*8991017 
73993673 
73996327 
739938979 


287 


20 


307 


79108938 
79111522 
79114105 
79116686 
79119266 
791218 

79124421 


* 

7˙926384 
79266333 
79263826 
79271317 
19273507 
79276295 


91 7-94109906 


79408534 


79413407 
79415517 
79418225 
7:94206 32 
1942 3937 


7-9550990 
7-955333C 
7-9555663 
7-9557995 
7-95560326 
7-9562655 
79564934 


79126996 
7"9129570 
7˙9132 142 
79134713 
7:9137232 
79139850 
7:9142416 
7:9144930 
79147543 
79150105 
79152665 
22155224 


7˙9278782 
79281267 
79253751 
7˙9286233 
79288714 
9291194 


79425441 
79427844 
79430240 
7943264 
7943545 
79437442 


7:956731c]5 


79569636 
79571961 
79574234 
79576606 
79573926 


2 


79293072 
79295149 
79298625 
79301099 
79303571 
9306043 


79439839 
79442233 
79444627 
7947019 
79449410 
79451500 


7˙958 1240 
7'9553564 
7:9585881 
79538197 
7'95go511 


73339655 
73342404 
78345152 
78547899 
7˙·88 50643 
28853286 


7:9001630 
7 9004279 
7-9006926 
79009572 
79012216 


79157781 
7:9160336 
7:9162$g0 
79165443 
7:9167994 


7:9014859]7:9170543 


7:9308512 
7:9310981 
7:9313445 
79315913 
79318378 
79320540 


79454185 
79456575 
79453961 
79401345 
79463728 
7:9466110 


| 


79595137 
79597447 
79599757 
7960206 5 
79604373 
7:9606673 


79592825 


58514198 
8517161 
8520123 
78523083 
18526040 
58528996 


78683526 
78691373 
7-8694218 
78697062 
738699903 
7*8702743 


78356127 
78853866 
7-386 1604 
28864339 
7:8367074 
7-8369806 


790175 
79020139 
79022777 
9025413 
790 
790306 


0017 


7h 


9173091 
79175633 
79178183 
7-91$0727 
79183269 
701 8S58oe 


793233092 
7:9325762 
79328220 
7-9330678 
79333133 
79335588 


79465491 
7947937 
79473248 
7947562 
79473000 
22450224 


7:-9608983 
749611287 
79613589 
79615890 
79618190 
— 


5531949 
78534900 
85378560 
„854797 
75543743 
78546686 
72549628 
8552567 
39173555505 
10% 8558 
1175561374 
28881305 


7˙8 705 580 
7 
73711250 
78714082 
7'8716913 
[78719741 
787225068 
78725393 
78728215 
78731037 
78733856 
78736673 


73872537 
78375266 
78577993 
7:8280718 
78883442 
7:8*86164 


7:9033312 
79035942 
79838570 
79041197 
59043822 
79046445 


79188348 
79190886 
7 ˙9193422 
79195957 
79198490 
7:9201022 


79335041 
79340493 
79342943 
79345392 
79347539 
7:9350256 


7*9452746 


79437438 
79439856 
79492224 
79494590 


794351 18]7-9525082 


7:9622786 


79627377 
79529670 
79631963 
634284 


7˙ 888888 5 
7:8391603 
7:8894320 
7:8897036 
738899749 
7:89024611 


79049007 
7*09051687 
79054306 


79203532 
7. 9208881 


9352730 
793558174 


59208608 


79056923 
79059539 
79062153 


7˙92136 


792111 
— 


79357616 
7-9350057 
7:9352496 


1179364934 


4373567235 
44173570163 
15173573038 
16178576012 
28934 

78581853 


73739489 
73742393 
73745115 
78747925 
78750733 
78753540 


7*8905171 
7:89078%0 
78910587 
7'8913292 
78915995 
7*8918697 


7:9064765 
7:5067 376 
79069985 


792187027 9367370 
7:922122217*9369805 
7922374117 9372239 


7 9072593 
79075199 
7907780 


7:922625817*9374672 


7922877 
7:92 2128% 


79377103 
79379533 


79499955 
79499319 

"9501681 
79504042 
7:9506402 


79635544 
79633533 
7:9641121 


22 
ZI 


7964340820 
19645931 


22502 
79511118 


7˙95134744/˙ 9652 547 
7:951552$17*9654522 
7:951818217*9657101 
7'952053417"9659379 
7:9522385}7:9661656 


79647977 


7:9650260 


I 
I 
15 
1 
I 


3 
12 


198554771 
548587687 
$1] *590601 
327 $593513 
53] 3596423 
41735309831 


78756344 
78759147 
78761949 
78764745 
73767545 
7877041 


78921397 
75924096 
78926792 
78929487 
78932181 
78934873 


7-908 
7:90$ 


: 


7:905040717*92 3 3500 
7·908 30067 9236312 
6087˙9238821 
207179241330 
7:9090$0 3179243336 
7-209330917 9246342 


7:93%91961 
79354388 
79386814 
7˙9389238 
7:9391661 
7˙9 304083 


7952523 


7˙952992 

79532275 
7'95 34920 
79536963 


7*5773135 
7*3775927 
78778717 
558781506 


8616738 


78784293 
(78787077 


7*5937563 
78940251 
78942038 
78945623 
78945306 
7*\g50088 


79095992 
7-9098 584 
7-9101175 


/ 


327 


59245846 
79 251348 


/ 


79390503 
7:9398922 


925385607 9401339 
791037647 ˙9½ 563497 9403756 
7-9106352[7*g92 5834717 9495170 


79539305 
79541646 
79543985 


re oe 


7:9663932 


7:9663430 
79670752 
[79673023 
22528223 
79077561 
79679829 
79652095 


79546323 
795436 


7:95 5099617-9688386 


7:96$4 360 
7:9686624 


„ aw 


COTANGENTS. 


m8 


_ 
1 


_ 


| 


_—— 


— 


da 


* 
S 


% 


SINES. 


320 


mo 
35 


307 


37 


387 


39 


Bun Þ wo tn = = 


* 


317:9715c04 


79688698 
7-99gogbc 
79693220 
79695479 
7:9697736 
7˙959999 
79702245 


328900 


3 
5 


. 
/ 


7:9951980 
7:9954108 
7:9956235 
7:9955361 
7:9960437 
7:9952611 
79964734 


3-0077867 
5-00799 34 
$-00382001 
$-0084066 
$*00386131 
8.0088 194 
B-00902 57 


$-0200207 
80202217 
850204226 
80206234 
80208242 
30210245 
8-021 


2282 


2251 


50319195 
8*0321150 


8-032 3105 
3-0325059 
$-0327012 
850328965 
850330916 


$:0435009 
80436913 
804388 10 
80440719 
50442621 
80444522 
80446422 


79704503 
79706756 
7:9709005 
79711258 
7:9713508 
— 718250 


79837660 
79839845 
7:93842029 
79544212 
79546394 
749343574 


7:9966856 
79968977 
79971097 
79973216 
79975324 
79977451 


$-0092318 
$-0094379 

00964 39 
3. 0098497 
8· 100855 
$*0102612 


$-021425* 
50216261 
38218264 
$-02 20266 
3$-0222267 
$02 24267 


$-0332866 
8·0334810 
$-0336765 
$-0338713 
3-0340660 
$-5342606 


$-0448321 
80450220 


3-0452117]$+ 
5:0434014]$-0 
304559 10|8- 
$-04<7805[8- 


7:97202 50 
79722405 
9724738 
79726981 
79729222 


79850754 
79852033 
79855110 
79857280 
7:98 59461 
76861636 


79979566 
79951681 
79983795 
7*998 3908 
7:9988020 
799901 30 


$-0104668 
8.0 106722 
80108776 
80110829 
809112881 
$-0114932 


$*0226266 
$+0225264 
3-02 30261 
$-0232257 
$02 34252 
3-02 36247 


50344551 
8345495 
0348439 
80350382 
90352323 
30354264 


5-045970| 


79731403 
79733772 


11 


” ©» Þ 0 
9D Wy Owun 


+ + -- vo we 2 


HY Sx \ 
%} Ii 


* 


ON 1 4 
16 © © 


— 
— 


0 


2 to» = 


1 


2 -- O Oo $4 | 


4279782673 


24998334 
94797914 


79735945 
79738177 
79749412 
79742047 


79563809 
79865981 
79868151 
7*9870321 
7-9872490 
79874658 


79992240 
9994349 
7:9996456 
79098563 
$-0000669 
$-0002773 


80116982 
80119031 
30121079 
80123126 
80125172 


80127217 


$*02 38240 
$-0240233 
$-024222 


$-0356204 
$-0358143 


3-0360082 


$-024421 
$-024620 


$-0243 194Þ3-03658392 


5 


30362019 
$-0363956 


$-0471043 
$-0472937 
50474325 
80476712 
3·0478 598 
8· 0480483 


7974880 
79747113 
79740344 
79751574 
7˙9753802 
7:97 £6030 


79876324 
7:9878989 


79883317 
7-985 5479 


79881154] 


7:9887641]** 


$-0129261 
8-0131304 
$-01 33347 


- 


79; 


8-0135388 
8.013742 
8-01 39468 


8·02 50182 
8-0252169 
50254155 
$-02 56140 
80258125 
$-0260108 


30367826 
80369760 
$-0371693 
3-037 3626 
30375557 
8-03774838 


$-0482 368 
$-0484251 
$-04361 34 
$-0488016 
$-0439897 
$0491 778 


5*+0461 59 318- 
$-0463456[$+ 
$-0465378]8- 


$*0590291 


$:0595$01 


yy — — 
80547514 

82549670; 
80551524 
$*055337% 
$*0555231 ; 
$*055708g - 
8055893]; 
$*05607$4 * 


8. 0881092 
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32272 583682345795 
322738 308 · 2348021 
822750778 · 2349247 
8227632408 · 23 50472 
$:2277570[8*2351697 
$*2273316]8+2352922 


$*241555 3138-24993 32 
3241975908 2491518 
8242095568 - 2492704 
824221708 · 2493890 
8˙24233788˙2495075 


$*2 560943 
8:256211c 
8˙2563277 
$*2564443 
8˙256 5609 


$-2424580 
8*2425785 


$:2496260 
32497445 


82566775 
32567941 


3˙26 042 
26375755 
2632721 
2257386955 
32635016055 
8˙2636164/55 


718212798758 · 2204690 
| $18-2129277[8-2205957 


rof8-2131854[3-2208490 
$1]8:2133143[8-2209756 
8+2134431]3-2211021 


$-228006118+2 354147 


$-2426939 


$:2498529 


82569100 


82281 30608˙2355371[R 82428192 


8·21306668·2207223[8 22825518 ˙2356 59408 2429396 


8· 228379608 235781888 ·2430599 
3˙228 50408 · 235904 10682431802 
32286284182 3602548243 3094 


324998 13082570271 
3˙2 5009978 2571436 
5250218008 2572600 
3250336308 2573764 
32554548˙2574928 


82637211 54 


3263345853 
3*2639604 52 
8264075051 


3*2641896]5 


8264042 
8·2644187¼45 


138·21357198˙2212280 
141821370068 ·2213551 
1518213829318 2214815 
1682139579822 16079 
t78·214086 582217343 
1818-2142 1518·2218606 


$-2287527[8.2 3614361524 34206 
3-223877c|$*2 36270813243 5408 
8-229001 3[$*23639 3032436609 


3229125 5I[8˙236515103˙24378 — 


$-2292497[3-2 36637213 2439011 
3229373952367 59332449212 


$*2510455|8'25$0742 
3251163608 2581904 


3˙250691108˙25772558˙264604774 
8250809208 2578417 3.264621 4 


8$*2505728[8*2576091]3-2645 332147 
| 
8˙2509274ʃ8˙2579 580082648766 44 


326499094 
3265083 


1913-21434 3613-2219869 
20[8-2144721]8*2221132 
821460068 2222394 
213-2147290]3-2223656 
23]Þ3:214357413-2224917 
2413-21498 57682226178 


3-2294980[3-2 36881 3j5*24414 12 
$-22962211]$*2370033[32442611 
$-229746113-237125 332443811 
$-22987011]3-2372472]3 2445010 
$-229994 118-2 37369113-2446209 
$-2301181[8-2374910P8:2447407 


$6 appr need. 
$-2513996!$*2534227 
$*2515176[8-25$5388 
3-2516356]3*2 536548 
3 2517535]8-2537709 
25187148 2588869 


32652196041 
3265333900 
82654482039 
3-265 6624038 
8˙26 56766037 
82657988636 


58˙2151140ʃ8˙2227439 
260821524238 2228699 
27 


2988˙ 21562698 2232478 
z9Þ-2157550[5*2233737 


3-2302420]3*2 37612518 2448605 
3235355932377 345] 2449803 


$-2153705[8-2229959[3-2 3948978237856 3]8-2451000 
2318-21 549$7[3-22312 1913-2 3061 35]3-237978113*2452198 


3-2307373j5*233999713'2453394 
$-230861c]$ 238221418-2454591 


3 25 
3251989 31[8-2 590028 
$-252107118*25911$$ 
3:25 
325 
8˙2 


22249182592 347[8'2661331]33 
2 3426]8*2593505[$*2662471]32 
5246048 ·2 594664826636 1201 
325257818 2595822826645 1030 


32590905 
8 2660190034 


1318˙21588316˙2234996 
328 ˙21601118•223625 

3318˙216139168˙2237512 
3448216267168 ˙2238769 
35821639508 2240026 
36082165229 88˙2241283 


8· 23098478 2383430 
$-2311084{[3+-2 384645 
$-2312320j8+2385$62 
$-23r35536]8*2357077 
$:231479213-2333292 
$-2316027]3-2339506 


52455787 
82455983 
32458178 
52459373 
82400568 
3˙2451762 


252695758.2590950 
3 2528134;8-2598137 
$*2529310|3*2599295 
3$-25304$5'$*+2600452 
$*2531661{8+-2601 608 
$-2532836{$-2602764 


8-2665$91]2 
$-266703028 
8•2668 169 7 
32669 208ſ26 
$-2670446]25 
8267158 f 4 


3888· 216778668 2243795 


418•217761868˙2247551 


3758˙2166 508882242539 
4213-2 1728953224881 5 


823172628 ˙2390720 


8˙23 1849682391934 
$39[92169064[3-224 50511823197 31152393145 
{4o13-21703418-2245 306[8-2320965[3'2 394351 


$-2322198]$*2 395574 
3-232 343132395786 


4313217417122 50070 
4413217 5447132251323 
451217672 313-2252577 
613*217799$Þ-22 53830 
47]3-217927 30312255083 
48 $-21805347]3-2256325 


8-2 32466413-2 397998 
3-232 5896]8*2 399210 
$-232712315*2400422 
8˙2328 360682401633 
8232989288 ˙240284 
3.233082 308.2404054 


32462957 
32464150 
32465344 
82466537 
3.246773 
32468922 
82470115 
3˙2471 300 
82472408 
82473589 
3.247458 
32476071 


$*2534011j8-2603920 
$-25351835[$*2605076 
825363 591826062 32 
$*253753313:2607337 
3*2 538706182608 541 
$-2 5398 $0[$+2606696! 


$*2672722]23 
$*267 3360[22 
$:2674997]-1 
$:2676134120 
$-2677271]19 
32678407018 


8254105208 ˙26108 50 
$*25422251]$*2612004 
$-2543397]$-2613157 
8254569 82614311 
325457418 2618463 
8249128261561 


3267984317 
8· 2680679110 
32681814015 
3268294011 
$:2634084113 


$-26$5219]12 


$-2181$21[3'2257587 
43-213 3095132253839 
21843688 2260090 
$218:2185641]3-2261 341 
53]8-218691 382262591 
5413-2188 1868-225384 


$:2332053Þ5*2405204 
3-233323413-24064.74 
3:233451413*2407683 
3-2335743]3 2493392 
$-233697 33-2410101 
3-2338202]3*241131c 


52477261 
32478451 
3247964 


32482018 
32482207 


3 4 1594 


325492 54 
32550424 


32552764 
38823 


$*2 54803 3]8-261776808-268635 31 


$-2618920 
$-2620072 
3262122 

82622375 
82623525 


326848710 
$*2633620 
32689754 


3-260 2020 


55 3-2 189457 $*22650g1 


323394 30[8*2412518 


5618-21907 29[3-2266 341 


3˙23406 59182413725 


3'24$4395]3-2555102 


$+24855833]8 2556271 


32624670 
82625826 


8226759082 34188643 2414932 
$-22688 3913-2 34311413-241614 
3:227008713-2 34434113" 241734” 
$-22-123<]3-2345568]3 24185542 


3'243677113-2557439]$-2626976 
$+2437955]8-255$607]$-2628125 
2 243914518-2559775]8-2629275 
4-2490322[3-2 56094 3]$126 30424 


9 
8 
326908877 
b 
5 


32693182 
32694284 
3269541003 
3.796849 2 
82697679 
3.26988 10 


1 


1 


597 


87 


7 | 


. 


„ä 


COSLNES, 


88 Deg, 
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* 


— * 


—— 
TANGENTS. 


[1 Deg. 


o Deg» 
mM 50 


57 


3212340208 22002 16 
3˙212459408˙2201485 
3.2125985082202754 
32127275 82204022 


218-2 19767818*227 3201 
$-2193947]522 74449 


_— ee 


— 


1 | 


— 


27 3 tt 


$-227569618'2 349887 


$:227$190[8'2352339 
$:2279436|$"2353594 


3 — 
54119520 32 1964088227195 3132 345208|8-2419215]8 
$2 347435|8242042 113*2492202 
3-2348661|8-2421627]8*249338813'2 563984 
$-24223331[8*2494574{$-2 505151 
$:2276943|$2351113/8*2424038|8*2495760]8*256631718'2635747 
8:2425244 $*249694613-2 567484|$'26368555 
$:2426443|3*249$13118*2568650|8'2638043]5 


249101 568.2501649 
2562817 


6c 
55 
58 
57 


32631153 
3*2632 302 
32633451 
82634599 


-13-2128506 82205289 
82206557 
82207824 


9 82212888 


3213629 
„. 82214153 


141312137537 
3213887 

1613-2 140161]8*22 16682 
1-182 141447 $*2217946 
1913214273 31372219210 
19132 144919 8˙2220473 
[* $2145304[3'2221736 
11]$:2146589|3'2222998 
121821478748 22242 60 
131821491 58]$"2225 522 
$2150442]3"2226734 


| 


82280682 
32281927 
32283173 
32284417 
82285662 
32286906 
— 


82357237 


3· 2356013824288 57 


8.2500 5008257098 1082640337 
$-2432061|8-2 5016341$'2 572146 
$:2358461|$*2431264|3*2 502868}8'2 573310 
$:2359634(3'24324657 


323609088 24336708˙2 50523 


8 3547898˙24276538•249931568˙2598156•2639190 
8250405108 ˙2574475 


82575639 


$3 
52 
51 
50 
49 


$-2641483 
8-2642630 
$:2043776 
3-264492 1048 


82288150 
82289393 
32290636 
32291879 
82293121 
8˙2294363 


8˙2362130ʃ8˙2434872 
8˙23633 538243607558 · 2507682577960 
8•23645758˙24372756˙·25087828˙25791298˙26438357 
8•236579 58 ·243847808· 25099648 ˙25802 9202649501 
8˙2367018ʃ8˙2439679825111458˙258 145562650645 
8-2 3632 3982440880 8 


8˙2 5064175 


3.25123268˙2582 0128255178942 | 


2 576803}8-2646067147 
$*2647212146 
45 
45 
43 


3*2295605 
3*2296846) 
32298087 
82299322 
32300568 


3-2 369460[$-2442080[8*2513507|3'2583779]8'2652933ſ&1 
3-2370680(8-2443280|8*2 51468882 534941/8-2654076140 
8-2 371900[8-2444430[3*2515868|8-2536102j8'2655219 
$*2373120[$-2445680[8-2 51704$|8'2587263|8'2656362 
323743398 24458 79ʃ8·25182278˙25884248˙2657 504137 
3-2301807[8*2375558|8-244807 718*2 519407 


8-25389584|$:2653646 


39 
38 


36 


32303047132 37677618:2449276 3-2520586|8*2599744\8-2659788 
$-230428613-2377995(3'2450474]3*2521764/5*2591904 $-2660929 
3-2305525|8*'2379213|8*245167218"2 522943 *2593063\8-2662071 
3-2 30676313*2 330430|3*2452869]8'252412115*2594223 82663212032 
8˙2 30800108238 1648 8245406608 ˙2525298 25953818•26643 52031 
308 ˙215813782234345 3-2 3092 39[3*2 3828658245 526318*2 526476 8·2596 54068266 549203 
41]32159418[3'22 35604 3-2 310476[3-2384031|8'2456460|8'2527653 8-2597698$18-26066 32129 
32]2160699]3*22 36862 $-2311713|3'2385297|$*24576 5682528829 $-25988 56082667 
13[32161979]8223812 $-2312950[8*2386513|$:24588 52|8*2 5 30006]8:2600014 $-2668911127 
34132163259 $*2239378|3'231413613'2387729 824500478 25311828 2601171826781 26 
3568˙2164539 82240635 8-231642208˙23889448˙246 124268 ˙2532358 8·26023 2868267118945 
368˙216 818882241892 8-2 316658[8-2 3901 59824624378 2533533 8260348 508267232824 
3768˙216 7097082243149 $-2317893(3'2391373|$:24636 323-25 34708 8260464108 26734063 
388˙2168 375182244405 $-2319128|8-2 392588|8-2464826]3*2535883 $-2605797|3:2674604|22 
39182 169653]$:224.566113*2 320363 8-2393802|$:2466020]8-2537058|3 260595 3/8:2575742]21 
4513-2 1999 311$:2246917]3*2 321597 $:2395015|8*2467213]8*25382 32 $-2603108;8-2675879j20 
8˙224817208˙232283108˙2396228 8˙2468407 8253940608 · 26092630 8267881679 
822494278 · 2324064 8˙23974418· 2465998254579 8261041882679 53018 
2182250682 17 
16 
15 


52325297 8•23985548˙24707928˙ 2541752211573 a 
321760388 2251936 
14 


35 


| 32151725ʃ8˙ 
2608215 3008082229305 
27182154291 $22 30566 
28]8-2155 5731372231526 
2913215685 51322 330985 


— 


33 


us i un | 052 0040 


8-25680289 

3-2 3265 300823998668 24719 
45]3'217731418*2253190 $:2 54409813-261 388113-2682561 
$-2328995|$-2402289|3*2474363[8'2 54527 8261 5034082583096 

4713'2179865|8-22 55696 13 
4818-2181 140822 5694982331458 $:24047111$*24767 50[8*2 5475141352617 341 8-268 5967 

8233268908 2405922 $247 194018-2 54878 5826184930822 1 0117 

to 
51218496208 ·2250708 “8233515008 ·2408 342 8˙248032108˙2551127 8·262079808·2689375 
5283218623 508·22619 5608233638008 2409551 $:2481510|$'2552297]3*252195 82690503 
5413'21387801$*2264457 823383 3908241 1969 8·2483888 $*255463718+2624252|3-269277" 
5513-2 19005 3[8*2265708|$*2 340068|$-241 3177|8-248507" $:2555806[8-262 5403|8-2093993 
57]3:2192596(8+2268207[$+2 342 525/8'2415593|8'243745 3]'25 53144|3+262.7 70482596168 

5$3]3'219386713-22694.56 823437 £38241 6801 |$-248864 [3-2 553931 33252835 8.2697 300 2 
5:Þ3:2196408[8-2271953/8'2 346208, $*2419215/$*249To1 88·286164 8-2631153$-269956+ 

x 

$6 |' 


$-2542925|$*2512727]8-2681425 
3:2327763|$-+2401078|8*2473176 
46182178 590[8'22 54443 
$:2320227($*2403500(8*247555915'2 540442 $-261618$|3*2 56948 32 
12 
4918˙2182414ʃ8˙2258201 17 
$o[3:218 36888 ˙2259453ʃ8˙23339208˙24071328˙2479131 3˙2549956ʃ(8·26196468˙2688236 
5388• 21875088 2263205ʃ8˙23375%08˙24107608˙2482699 8˙25534678·262310108˙2691637 
55132191 324]$+226695 71352 341297, $*2414386|$-2486265 $-2556976 $-2626554/8'2695035 
59]3'219513718*2270705[3'2 3449 0\$-2418008|8-2489828 $-2550481 3-26 30004/$-269$4 31} 1 
77 — ²K— 
PFF 
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PX 


i  —_— — wore . n 


234) 1 


Deg. 
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2 


„ 


57 


—— 


77 


8/ 


of | 


107 


o[8-2698810 
.118-2699941 
218-2701071 
3182702201 
413270333! 
5$1$*2704401 
618-2705 590 


852766130 
82767249 
82768362 
82769475 


8˙283243468˙2897734 


8˙2898814 


32834626ʃ82899894 
8˙283572218˙ 2900974 
78˙28 308 18882902053 
3283791 382903132 
8˙28 3900882904211 


82962007 
82963131 
8·2964195 
$*2965259 
$-2966322]8* 


$*2967385 


$-2968448]8* 


+302 54600 
+3026509 
27558 


3:3087941|8'3 


$:308897 808 
$*3090009{[8+ 


$*3091042 8•31 
83092075 $*3153611 7 
$*30932108 8.31545 3005; 


3· 3094 tac 


$18-2507847 
9}8*2708976 


101827101048 


1118•2711232 
128-2712359 


-[8*+2 7067 19]8* 


2 21$+2840103]$*25905289 
$*284119718*2906 367 
5]8+284229213-2907445 
$-2843386]8-2905523 
782844479 82909 
$7318*2910677 


$8*2969511]5* 


82970573 
8˙2971635 
82972697 


$.297 3759] 
$8*2974820 


8· 30 38029 


53995173 
83096205 
8˙3997232 


8.3098 208ʃ8·31 3971775 
$:39992991$-31607 34% 
8*3100330[$-3161751]4; 


I: 28-271 3456157 
1418271461 315 


15[$+2715740]5'27 


16]8-27 16866|5* 


1518*271799215'27 
1$18+2719118[5*2 


7182546666 


32852127 


82911754 
7750[8*2912831 
8284885 11]8-291 3907 
5$]3-2349943]32914953 
3-285103<[$*2916059 
82917134 


82975881 
82976942 
82978002 
82979063 
82980123 
82981183 


5˙ 3039075 
8.3040 20 
83041165 


$*3101 3618316276747 
3-3102392[8*3163784]4 
$:3103422]$-316479g|4; 
8-3042210]8*3104452[8-3165815)4, 
$:3043255]3-310543218-316683c|4; 
$:30442991$*3105512[8*316784; 


198-2720243 
20J8· 2721368 
2118*2 722493 
220682723618 
23182724742 
2413272 5366 


82787240 
82788348 
32789456 
$*2 790503 
82791670 


82792777 


8˙28 56491 


8·28532198˙ 2918210 
828 5431082919285 
8285 540182920359 
82921434 
8-28 57582J[8˙ 2922508 
3.28 5867282923582 


82982242 
82983301 


8.3045 344[3-3107 541]8-3 168860 
8.3046 3888·3 108 570 83169875 
829843608: 304743108˙ 3109599083 170889 
82985419 83048475 83110628 83171903 30 
$-298647718-3049518]8+3111656[8-3172917z7 
3.29875 3668· 304056108 31126848˙317 3031 


2882726990 
206082728113 
25182729236 
2818-2730356 
29]18*2731481 
30]8*27 32604 


52793553 
8*279498% 
82796095 
82797201 
8·2798 306 
8279 4411 


8˙286 5207 


3289762829246 56 
8·28608 510682925729 
828619410829 26802 
8˙28630 30882927875 
$-28641 18]8-292 3948 
$*2930020 


$*298359418-305160418*311 371218317494; 
8-2989651]3-3052646[8-3114745]8'317 5958; 
8*2990709}3-305 363813+311576718*3176971]z;3 
$-299176613-3054730 
$-299282 3[8-3055772 
$-2993879g[8-305681 73 


$-311679418-3177984 
8·31178218·317 
831188488 · 3180005 


31]8*2733725 
3218'27 34547 
33]8:2735968 
3482737089 
358.2738210 
3618·2730331 


82800510 
82801021 
82802725 
$-2803829 
$*2804933 
8:2806036 


$-2866295]8*2931092 
$*2867383 
3:280847118*2933235 
$-2869558 
82870645 
32871732 


82932164 


82934306 
82935378 
82936448 


8 2994938˙3057855 
8299599208 · 3058895 
8299 f 808-3059936 
8˙2998 104083060977 
829991 598-3062017 
8+300021 8306 3057 


$*311987418-3181021 
8:312090118-3182032 
$-3121927[$*31$3044]: 
$+3122952]8*3184055 
$*312397818-31$85067]25 
$+3125003[$+3186077]: 


27182740451 
3515*2741571 
3982742690 
40182743810 
41152744929 
421812746045 


82807139 
82808242 
82899345 
82810447 
32811849 
82812680 


32872818 
82873905 
82874991 
82876076 
82877162 
82878247 


52937819 
82938 589 
2939659 
82940729 
82947798 
82942867 


$:300126913-3964097 
8$-3002 32448:3065 1 361]8*312705 31$-3188099 
$-3003378[3-306617 5]8+3128077|8-3189109 
$e30044 3218-30672 1418-31291011$-3190119|2* 
$+30054$6[$-30682 5318+31301251$-3191125 
$-300653918-306929118-3131149]8'3192135 


8-3126028[8*3187088]: 


$3]$*2747 156 
44 
45152749402 
4648*27505820 


$*2813752 


827482840828 148 53 
82815954 


82817055 


8.275t637ʃ8˙2318155 
$-2=5275418*2319255 


$*2579332 


$*238 3669 
$*2884752 


3.288258 5[8˙2947141 
82948209 


8˙2943936 
$*288041 7]8*2945005 
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8*3415511 
$*3416470 


8341742913 34745921335 3101 


8:3637155 
8-3638062 
83638974 


3347269915" 352914518-3554863 
$347 3646[5-3530080[8-3535790 
$-3586713 


8-3639885 
$-3640796| 
83641707 


35 
34 
33 
32 
31 
30 


5*330178115*3360476 
$-33027661]8*3361447 


11$+3242254 
32]3*3243282 
3368˙3244280 
3418-32452 7813-33047 35[3"3363390 
3518:3245276]3*3305719]8-3364361 
3618324727 3]3-3306703]8:3365331 


8-3421263 
8˙3422221 


83423179 


8˙34183885˙3475539ʃ8˙3531948 
$:3419347]3 347048 508˙3532882 
$-330375118-336241915*3420305[5-347743113-3533816 


$*3587635 
8-3588557 
$-3539479 
$:3590401 
3*3591322 
83592243 


3˙34783778˙353475⁰ 
3347932288 ·3535683 
33480268835 36616 


83642617 
8˙3643528 
83644438 
83645348 
8•36462 58 
$-3647168 


29 
28 


27 
25 


25 


3718-32482 7008 · 3307687583366 302 
3808324926 708˙3 3086583367272 
39]8-3250264]3-3309653]3-3363242 
g918-3251260]3*331063618*33692 12 
$:3252257[5-3311619[8-3370181 
g218*3253253]8*331260118*3371151 


$-3424137 
83425094 
$-3426052 
8*3427009 
8-342 7965 
8-342 $922 


5-345 1213[3"3537549]5" 3593165 
3:3432158]8-3538482[3-3594086 
3.3433103]"353941413"3595006 
5343404713 354934713 3595927 
33458499113 354127915-3596847 
5-3435936]3354221118-3597767 


4518-3250240 $*331554818-3374058 
45]5'3257235]3-331652915+3375026 
4718-325$230[8'331751118*3375994 


'3254249]3"331 3584153372120 
8. 3255244]5"3314566[8*337 3089 
48]8-325922418-3318492]8:3376963 


3-3429878 
8˙3430835 
8-3431791 
8-3432746 
83433702 
5*3434657 


3348687918 3543143]3'3598687 


$-3643078 
33648987 
3•3649896 
8·36 50805 


8-365171 
8365262 


83653531 


5-343732 313354407413 3599607 
3348876718: 354500613- 3600527 
3-3489710ſ8*3545937 
5-349065 3]3-3546868 
3*3491596[8-3547799 


3-3654439 
$:3655347 


8-3601446[8-3656255 
$-3602 365]8-3657163 
$-2603284(8-3658070 


4 
9 


17 


— 
oo 


15 
14 


— 
— 


12 


| 


4918-32602 19]5*3319473]3"3377930 
50]8326121318*332045418-3373898 
5118-32622071|$-33214 34183379866 
52]8-326320118-3322415[8-3380833 
$3]53264194{8-332 3395[$:3381800 
88.326 51880-332437 508-3382767 


8•3436567 


83435612 


83437522 
8˙3438476 
8˙3439431 
83440355 


3˙3492539ʃ8˙3548729 
3349345118 3549660 
5*349442 3]$*3550590 
$'3495355|3'3551520 
8-3496307[8-3552450 
3-3497249[3*3553379 


8-3604203[8-3658978 
$*-2605121]8*3659885 
8·36060408· 3660792 
$-360695818-3661698 
3-360787618- 3662605 
$-3608794(8-3663511 


11 


3832561878˙3328354ʃ(8˙3383733 
5615326717 3j8-3326334[8-3334700 
$713 3268166[8-3327313[8:338 5666 
5313-32691 58j8-3328292[8*3 386632 
5913-32701 5118-332927113*33$7 597 
60]5-3271143j$-3330249[3-3338 563 


$*3441339 
8*3442292 
$:3443246 
$:3444199 
83445152 
8+3440105 


$-3498191]8-355430918- 3609711 
3:3499132[$"355523818:3610629 
3-350007 3|8'3556167[8*3611 546 
3:3501014|8-355709618-3612463 
3*3501954[3-355802413-3613380 
$-350289518-355805 303 3614297 


8-3664417 
8-3665323 
$:3666229 
8-3667135 
$-36680 

$:3658945 


T5 8 4a + w — 00 5 


44 | 4 | a | af | a& | 
COTANGENTS. 88 Dey. 


— 


(238) 


1 Deg. 


SINES. 


| 2 
— 


u — Milt. tao 


„„ — 
bas 


ee - 0 


CS GC.) | 


20/ 


217 


227 


230 


| _24 


26/ 


33667769 


$*3674997 
$-3675000 
8-3575902 
3-3676806 
$-3677708 


208-267$8611 


3$+3568674j0*+3722603 
3:3669575j33723490 
8-36704828·3724389 
3.3671386ʃ5˙ 
3.3672290ʃ8˙3726174 
3353193083727 


$-372171c 


222 


83774988 
83776253 
83777635 
83778517 
53779395 
83780280 


83827620 
8·3828492 
83529364 
8·38 30238 
8·3831 10 
8-3331978 
$-3832848 


[5:3879622 
$-3880483 
$*33881345 
8388220 
8.388 3067 
83883927 
83884788 


83934412 
$-3936113 


53727959 
8.37288 51 
83729743 
$*:3730035 
$*3731520 
$*3732418 


$*3751161 
83782042 
8·3782924 
83783804 
8378468 5 
83785566 


83533719 
33834590 
53835400 
8·38 36330 
33837201 
83838070 


8388 5648 
8.388650 
83887369 
83888229 
83889088 
83889948 


83936964 


393 0088398179368 4031990 
839318598398 2634.5 40 2822 
$-3932710[5*3983475 
$-3933561]3-3984316(8:4034485 
8:398515718-4035316 
8-3935263]3'3985998[8:4036147 
$-39868 39154036978 
539876795 40 780g 
8-3937814ʃ8˙3988 51984038639 
8-3938664[8-39893 59084039470 
8-3939513["3990199[5'4049300 
8-3940363[53991039[54041130 
8-3941213[5*3991879 


1 ko 


20 


8· 3679513 


83684022 


53733309 
$*37 34200 
$*3735091 
5*3735951 
$*3730372 
$*3737702 


$*3786446 
83787326 
83788206 
83789086 
8·3789965 
8.37845 


83838940 
8·38398 10 
83840679 
8˙3841 548 
83842417 
83843286 


83890807 
83891666 
8.3892 526 
8-3893384 
8·3894243 
8-3895102 


8394206288 399271808 4042790 
84043620 


$-3942911[3'3993557 


8.394376 


3994397 


94533653 


84041960 


84044449 45 
8-3944609Þ* 39952 36134045279 
8-3945457[$3996074[3:4046108 
8.3945 3008.392691 3154046937 


(8-362492 3 
3-3685824 
83686725 
83687625 
33688 52 
5·3689426 


537386 52 
83739542 
8˙3740431 
8.374132 1 
3.37422 10 
8323899 


83791724 
8*3792603 
53793452 
$:3794361 
5*3795239 
83796117 


83544155 
3845023 
83845892 
83846760 
8·3847628 
83848496 


8.389 5960 
8-3896818 
83897676 
83898534 
83899392 
83900249 


$:3947154[5"399775115"4047706 

8-3948002]8*39985 9054048594 
8-39488 5083999428 
839496988 466 
8.39 505468400 ¹j⁰ 
8.395130 3[8.4 01941 


5449423 
$-4050251 
$:4051080]z; 
844051908 


53690326 
33691226 
83692125 
$-3693025 
3693924 
83694823 


33743988 
83744877 
33745766 
3374065 

83747542 
3.3748430 


83795996 
83797874 
53798751 
83799629 
8· 380050 
83801384 


8-3849363 
83850 231 
8·385 1098 
8·385 1965 
8˙38 52832 
$:3553699 


$*:3901107 
8·390 1964 
83902821 
83903678 
8˙3904534 
8.3905 391 


53952240 
83953088 
$*3953935 
$:3954781 


8:4002779 
84003616 
84004453 


3695722 
83696621 
3697519 
8.369848 
53699316 
83700214 


53749318 
375 
53751094 
53751981 
383752868 
322 


83802261 
8·3803138 


83854565 
83855432 


83804015 
3.384891 
83805768 
83806644 


83856298 
83857164 
8·38 58030 
8.38 588896 


83906247 
83907103 
83907959 
83908815 
83909671 
83910526 


84052736033 
54053563 
94054391 
-4005290[8:4055218 
8-395 c628[8:400612 784056046 
$-3956475[$:4006 564084050873 
8-395 732 1]5:4007801]8:405770c 
$:3958167[$:4008637]54058527]z) 
8-395g013[3'4009473[5'4059353 
$-39598 59[8:4010309[8:4060180|26 
$-3960705[$'4011145[8'4061006 
$-3961550]3'4011981 


$:4061832 


753701111 


5 37oaooꝗ 
3-3702907 
$+3703804 
83704701 
8.3705 598 


3754042 
53755528 
3756415 
83757301 
33758187 
83759073 


8.380750 
8·3808 396 
83809271 
$:3810147 
$*3811022 
83811897 


83859761 
83860627 
83861492 
83862357 
$+3363222 
$-33640$7 


$*3911382 
$*3912237 
$*3913092 
$*2913947 
$:3914801 
$*3915656 


$-3966620© 


$-3962 395Þ5-4912$16[5:4062658 
$-3963241]3401365215'4063454 
839640868 4014487840643 10 
8.39649 3008401532208 406513; 
8.396577 58˙40 161578465961 
$-4016992[3-4066786 


34 
5 


2 35˙3706494 


83707391 
8.370828 
3709183 
371079 
83710975 


53759959 
53760544 
33761729 
33762615 
5376350 
3254384 


93812772 
3813647 
83814522 
53515396 
93816271 
83817145 


83864951 
$-3865%16 
3-3866680 
$:3867 544 
$-33868408 
32869271 


53916510 
83917364 
83918218 
83919072 
8˙3619926 
3920779 


46 
5 
+ 


9 53711870 
383712766 


33713661 
3714556 
3715451 
8371634 


53765269 
33766153 
33757038 
33767922 
3*+3703306 
33569689 


83818019 
83818892 
33819766 
33820639 
53821513 
83822386 


83870135 
83870998 
33871861 
83872724 
83873587 
8.38248 


83921633 
83922486 
83923339 
53924191 
3925044 
3225897 


83971683 


83967464 
83968 308 
83969152 
8.39699 96 
83970840 


540178268 4067611 
$-4018661[8-4068436 
$-4019495[3:4069261]15 
8-4020329[5:407co85 
$-4021163[5'4970910 
$:4071734 


84021997 


83972527 
83973370 
83974213 
8.397 5056 
83975898 
83976741 


84022831 
$:402 3664 
84024497 
3428331 
84026164 


84072558 
$:407 3352 
$407, 4206 
$:407 5030 
94075853 
8·40 2699684076677 


33717240 
33718134 
83719028 
33719922 


5018-37208 16 
608-3721710 
, 


33770673 
33771451 
33772339 
33773222 
5377415 
$*37 74.98% 


$*3823258 
$:3824131 
3:3325004 
3825876 
33826748 
53827620 


53926749 


$*392 7601 
93928453 
53929 305 
83930156 
$+3921c08 


/ 


38" 


oh. 


: 


8-2977533 
$:3978425 
8-3979268 
$:3980109 
8-2980951 
$*3981793 


84027329 
$:4028662 


34029494 


84030326 


307 


35/ 


| 


34 


33/ 


$*40775c0 
84078323 
84079140 
840799692 
840311 5808480791 
8-403 984081614 


22. 


— 


Cosix s, 


'TANGENTS. 


3-3672564 
8-3673468 
33574372 
33675276 
33676180 
3-367 7083 
83677987 
3·3678890 


GW 


23/ 


24" |. 5 


26/ 


$:3720439 
83727383 
33728275 


98. 3668945837229 5]3-3775223 
1]$-36698 5008372 3809083777106 
21835707 5518-3724703133777989 
8-367166013*372 559683778872 


$*3779754 
$:3780636 
83781519 


8·3828886 
8-3829758 
83830631 
8·3831 503 
3832374 
33833246 
83834117 


338809 188·3932336 
3-388 178083933187 
$-3882642[8-3934039! 
5-3883504[3- 3934591 
$:385436513-3935742 
5 38852278˙3936593 
538860888 ·393744 


33983152 
3-395 3994 
33984835 
38398 5677 
33986519 
33987360 
83988201 


4 


3-4936709 


40333891 
3.434213 
54035045 
34035877 


4037541 
84033372 


„ „ 
1182 


33729168 
8-3730061 
$*3739953 
$*3731845 
83732737 
83733629 


83782400 
8.378 3282 
83784164 
3.37850 
83785926 
83786807 


$-35 34959 
$*3535860 
$+3836731 
3+3837601 
$-3833472 
33839342 


13183680696 
1418·368 1598 


$*3734521 
53735412 
83736304 
53732195 
83738086 
53738975 


83787688 
8.3788 569 
3789449 
83790329 
83791209 
83292059 


8˙3840213 
83841083 
83841953 
83842822 
$+3843692 
$:3844561 


5-3856949[5- 3935295 
5:3887809]3-3939145 
$*3888670[3-3939996 
333895305 3949346 
$*+389039118-3941696 
3-3891251|8-3942 546 


33989042 
33989883 
33990723 
5*3991 564 
33992404 
53993244 


5*359211115*3943396 
5-3592970[3-3944246 
5359353913 3945995] 
5:3394559[3-3945945 
53-3395 548[3-3946794 
3:3596408[8+394764 2 


$:3994054 
53994924 
3995764 
83996603 
53997442 
33998282 


40392 
$-4040035 


84042527 


84044188 
84045018 
34045848 
4046678 
84047508 
48483372 


E 
3404 [ 696; 50 


8 sel 


— 


err 


83739867 
83740757 
3741647 
83742538 
83743427 
83744317 


83792969 
83793849 
83794728 
8.379560 
83796486 
8.379736 5 


83845430 
$:3346299 
$*3847168 
8-3843037 
33843905 
83349774 


5-359720618-3945492 
5*35931251]8-3949340 
5:3898984[8-395015g) 
5-389984218-3951037 
3:3900700Þ-2951585 
5*390155815*3952733 


3999121 
33999959 
84000798 
84001637 
5 400 475 
84003313 


544999 
5450825 


34052483 
4 8331¹ 


542491674 


8305165403 


23133694215 


29133695114 


5*3745206 
$*3746096 
33746985 
33747874 
83748762 


39]3:369601413*3749651 


T 836969 13083750539 


J2 
$-3699610 
$*3700509 
3588.370140 


$-3697$12]$*3751428 
$:3698711]8*3752316 


$-3753203 
83754091 
33754979 


83798244 
33799122 
8. 3800001 
8·3800879 
83801757 
83802634 
83803512 
8˙3804390 
83805267 
3·3806 144 
83807021 
$-3807$9$ 


$*3350642 
$*3551510 
$:385237* 
3-3853245 
53854113 
8.38549 80 


5 39024105·3953581 
3*3993274[3* 3954429 
5-39041318-3955276 
5-3904989]5-3956124 
5*3905846[53956971 
$:3906703[8-3957818 


$*3355847 
33856714 
38575817 
8385844 
3559314 
3.38601 80 


$*4c04151 
$-4004989 
$-4005827 


514054144 
54054968 
4055796 


3400666 


— 


$4007 502154957452 
8.4008 33908-4058 280 


$*3907 560 
5*390841713-3959511 
3390927 3]3-396035* 
3391012988· 3961204 
5391098068 · 3962 50 
3:3911842[3-396289;7 


$:395%665 


$+4009 1 76]5:4059107 
3-401001 3]8:4059935 
$-4010850 8-4060762 
$401 1686[8-4061 589 
84012 5238-62416 
3-401 3359[8:4063242 


[37 $.3702 306 
33703204 


38 
39 


40 
I 
! 


$*3704102 
$:3704999 
$:3705897 


+ 


$*3796794 


| 


$*3755866 
53756753 
$*3757640 
83758527 
83759413 
$*+3760299 


$-3805774 


5*3561046 


3-3809650[8-3861912 


$-3810527 
3*3811403 
$*3812278 
$*3313154 


8-386277% 
3:3363643 
3:3864509 
33865374 


5-3912697]8- 3953742 
$'391355318-3964588 
8391440913396 5434 
$:3915264[$-39662 79 
5-3916119]8-3967124 
5391697 4[3-3967969 


| 


$*401419 5154064069 
3401 503184064395 
8-401 58678·˙4065 
$:401670213:4066 548 
3401753854967 374 
4018373646819 


722 


t- 


3]*3797092 

83708 589 
45133799435 
46133710352 
47133711278 
43133712175 


$*3761186 
837620072 
83762958 
53763843 
33764729 
83765614 


83814030 
33814905 
83815780 
8381665 5 
33817530 
8·38 18404 


$*35662 39 
$-3867104 
33367969 
3:3868833 
3+3369698 
33870862 


5391782958 ·39688 14 
3*3915684|$-3969659 
$*391953$[3:3970503 
8·392039368˙3971348 
$*3921247]$-3972192 
3:3922101]8+3973036 


3-4019208[8-406902 5 
402004 3[3:40698 5c 
2087884070676 
84071501 
758-4072320 
(844073151 


© 6 ©MWG 


ti... et th. 


49]3*3713071 


54133713967]8:3767384 
$1]8-3714362[8*3768269 


83706499 


83819279 


53871420 


8˙38201 63 


8.38722 90 


$:382102713-3873153 


$2]3715753[8-3769153 
53]:371665 3[3-3770038 
54133717548 83770922 


$:3821901[3-3874017 
$:332277513-3374880 
3-382 364813-3975743 


$'3922955[3-397 3850 
5:3923508[8-3974724 
5:392466213-397 5567 
5*3925515]5-3976411 
$:3926368[3-39772 54 
$+392722118-3975097 


55]3-3718443[8+3771806 
55]371933$[8-3772690 
5713 3720232]8*3773574 
55P-3721127]3*3774457 
591372202 1]8+3775 340 
50 3$'3722915 $*3776223 


$:3524522[3*+3376606 
$-3825395]33577459 
33826268ʃ8˙3878332 
3827140387914 


3.3828014J8·3880056 
$*332388618+388091% 


8-392 3074[8-3978940 
5*3928927[8-3979782 
$*3929779[3-398062 5 
5-393063118-3951467 
3:393143418+393231c 
53-3932 336[5*3953152 


38/ | 


/ 


67 


34024210 
3:4025050 
$:402 5884 
34026717 
84027551 
34028334 


4973975 
84074800 
$*407 562 

84076449 
84077273 
3.408097 


—— 


4029217840789 20 
3-4039050,3-4079744 
3-40308831[3-4030567 
$-40317161[8-4081 391 
$:4032 54918-40822 14 
$*4033331,8-4083037 


— 


— — 


lo = © w Þ wlco 


— 
hs 


35! 34 


OTANGENTS, 


[(249) I Deg. Se Sings. OO INN —— 
ACE ESE MMRLET£AN£©W © 


018-403 16 14]8:41 30676P3-41 79190[8-4227165)8:427462 08432 156118:4367999]8-4413 
11549524 3615-4131489[3-4179994(3:422796 3/8427 5405[5'4322339]9'4365763[8-4414706]55 
213-408 32 53]3'4132302]8-4180798[$+4228753]8'4276194]8'4323117[8:43095 38/8441 54635)ch 
3]3:40384080[5'4133115]8-4181602/$+42295 5 3]8*42 7698008432359 508 4370084416229 $7 
4(3:4084902[5-41 3392 784182405842 30348[8:4277766]5*4324672[8*437 1077184416990 56 
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$:4527729]8'45720775'461 597715146 59439Þ8'4702470[54745080[8:4787277 
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8·45358938˙45801 5808˙462397808˙4667360ʃ8˙47 1031 3847 5234718-479496 
8:45 36635|$'458089218-4624704[8:466807918-4711c26]8'47 5355313479566 
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8-4542 562184 536760ſ$-463051 218146733 308-4718 4759192848012 8211 
$454330213-4587492[8'4631238]3-4674 54513-47174 3115-47 5939615-4801950) 1 
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8-48 58804 
84859491 
84860179 
84860866 


84901221 
8· 4901902 


8489849784939 180 
3489917808 ·4939855 
848995 598494530 
$:49005403-494 1204 
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Coſec. 


Tang. 


Cotang. 


Secant | Verl, 


2908 
2909 
2908 


982 5470 
5822568 
9819659 
5816751 
9813842 
2810934 
3808026 


57:298688 
56.359462 
55450534 
5457 
53˙717896 
52891564 
52090272 


9174551 
0177460 


0180370 
o183280 
o186190 
o189100 
0192010 


57289962 
56+350590 
554441517 
54561300 
53˙708587 
52882109 
52080673 


1.0001 523 
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10001627 
10001679 
10001733 
10001788 
150001843 


1626 
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—＋ 
D001 787 
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— te ye" 
0229781 


0238500 
0241414 


0232690, 
0235590 . 


2244322 


319799391 


$19773127 


9505117 
9802209 


9796392 
793484 
[9790576 


$1*312902 
59*558396 
49˙82 5762 
49*114062 
48422411 
47749974 


0194920 
0197830 
0200740 
0203650 
0206 560) 
0209470 


$1*303157 
50. 548 506 
49˙815726 
49103881 
48˙412084 
477325501 


I*0001900 
10001957 
10002015 
10002073 
10002133 
10002 194 


001899 
0001956 
j2002014 
0002073 
0002133 
0002193 


9787608 
9784759 
9781851 
9778943 
9776035 


47095901 
45459625 
45840260 
45*237195 
44649795 
44077453 


0212350 
0215291 
218201 
0221111 
0224021 
0226932 


47055343 
46448862 
45829351 
45226141 
44635596 
44066113 
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I*0002 317 
1*0002 380 


2002255 
0002317 
0002 380 


I*'000244410002444 
mn bi W 


I*0002 509 
I*0002575 
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0002 574 


Q247230 
0250138 
0253046 
0258862 
0261769 
0264677 
0267585 
0270493 


02 76309 


0255954], 


0273401], 


02792 150 


219797310 


g 9752770 
8 9749862 


89238231 


9770219 


9764402 
9761494 
9758586 
9755678 


435 19612 
42975713 
42445245 
41927717 


0229842 
0232753 
0235663 
0238574 


43•508122 
42964077 
42433464 
I'915790 


41422660 
40929630 


0241484 
9 


0244395 


41410588 
40917412 


10002641 
1*0002708 
10002776 
10002845 
I*0©002915 
10002986 


02640 
2002708 
0002776 


0002914 
000298 5 


9746954 
9744046 
9741138 


g 9732415 
89729507 


372207 


9735323 


9726599 
9723697 
54 


404445201 
39'977969 
39*518549 
395069571 
33630683 
38*201550 
37˙781849 
37˙371273 
36·969 528 
36576332 
36191414 
35814517 


0250216 
0253127 
O02 56038 
0255948 
0261859 


0247305,49*435837 


39965460 
39*595895 
39056771 
38617738 
38188459 


10003058 
1.0003 1 30 
10003203 
1.003277 
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10003428] 
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0003129 
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0003276 
9003351 
0003427 
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0267681 
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0273503 
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0293755 
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02966621” 


0299570 
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0314108 
oO317015 
0319022 
3228 30 
032573” 


2334459 


5343185 


46088, 
0348995] 


0392478], 
0305385 


0311200. 


0328644]. 
o3315521, 


3373667 
23402 74], 


Coſine 


89714968 


219709153 


7 9685892 


6574263 
49671356 


19659726 


[2651005 


9717876 
9712060 


9706245 
9703338 


35445391 
35083800 
34729515 
34˙382316 
34041994 
33708345 


0282236 
0285148 
288059 
0290970 
0293882 
0296793 


35431282 
35069546 
34715115 
34367771 
34027303 
33693509 


I*0003982 
1000406 5 
10004148 
I*00042 32 
110004317 
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0003980 
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9697522 
9694615 
9691707 
9683800 
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32745537 
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32133663 
31836225 
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0305528 
0305439 
0311351 
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33*045173 
32730264 
32421295 
32118099 
31*320516 


tI-0004490[0004488 


r-0004578 
I*0004665 


0004576 
0004664 


I*00047 5610004753 


1*0004846 
10004937 


1000484 3 
20049 34 


9682985 
5680078 
5677170 


9668448 


31544246 
31257577 
30.976074 
30-699 598 
30˙428017 
30161201 


0317174 
03200836 
0322998 
0325910 
0328322 
0331734 


31*528392 
31241577 
30·9 50928 
30· 683307 
30411580 
30·144619 


1*©005029 
I*©OOGI2T 
too 5215 
O5 30 

100 5405 
1005 501 


0005026 
0005119 
2005212 
2805307 
2005402 
2005498 


9665541 
9662634 


2656819 
653912 


29899026 
29˙641373 
29˙388 124 
29139169 
28.894398 
28-653708 


0334646 
0337558 
0349471 
0343333 
0346295 
0349208 


29882299 
29˙624490 
29*371106 

9*122005 
28877089 
28636253 
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905595 
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r*0005894]0005890 
r000599419005991 
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539837458 
9998321057 
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56129981 5715 
5719998101153 
58 9998044|52 
591997986051 
60499792750 
6019997867149 
6219997807148 


6219997745147 
6219997683146 
9997625 
6419997556 
6619997492143 
6619997425142 
6819997360 
68199972924 
6819997224139 
700997156038 
7119997086137 
721999701513 


721999594313 
7319996871 
75(9996784(32 
7619996649131 
261999957313 
-819998497[29 
7808498 
79099953477 
80 999626202 
31999618245 
8115260 


g,19996020]23 
8309959377 
$419995354j21 
861999577042 
850998684 
87822822 


889995512 
8819995424 

9995336 
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119995157 
9995066 


9619994595 
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9719994495 
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ine Di Coſec. jVe 
22418553 


115'2499332þ5 
2182550943]; 


Loc, Sixzs, Tc. 
rieds.| Tang. [Diff.] Cotang. | Covers. | Secant 
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11750393519 9922250 100000684 
11*7433 35 1]9*992996 19%0000706 
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2111 1-743905716-211193818'2561649]; 0 
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16133445943 
176˙3501805 
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21133721710 


68386 


2766136 66298 
283243 662 


11*736957616+22 5091282631153 


11-7301190[6+2387696]3'2699563],; 


11*7233364[6*2522 360132766912 


11*7167566 


6*265496818'28332 3 
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66322 
65325 


61595 
60733 


2013+3667769 5 


2213:37749381526 
23183827620 5 


24183379622 
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35134413944 
36134459409 
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116789731 


6*2785581]8-2898559 
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64353 
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11*7233088 
117166766 


116349533] 


11*6788779 


99918391 
999171 
99915816 


to- ooοοf 53 


to· oo00776 


to- oo0O8OO 


99914528 
99913240 
99911951 
95910662 
99909372 
99908082 


10*000082 5 


to*00008 50, 


10400008 7 5 
10*0000900 


100000926], | 
10.0000 4536 


116729837 


6670757 
11•6612471 


5˙35305168˙3271143 
6˙3648689ʃ8•3330249 


6˙3765275ʃ(8˙3388 563 
11-65 54957]6-38803 1715 3446105 
r1-6498 19516399385 5133592895 
11.6442 16515*4105928]5-3558953 


$9922 
59106 
5831 

7542 
5679 
56058 


L1*6611437 
r1*6553595 


99906792 
99905501 
99904210 


99901627 
99900335 


1000000979}, .| 


10*0001006 
10*0001034 


9*9902919]10*0001061) 


10*000103g! 
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27 
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1 
28 


99999158 


99999105 
99999974 


99999021 
99998994 
99998960 
9˙9998939 
99998911 


99999247 5 
99999224 

999992015 
19 9999175}> 


999991285 


99999247145 


9*99983832142 
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861116120378 


1163868 50[6:4216573j5*3614297 
11*6332231]6*4325326]3*3668945 


116278290 
I1*6225012 
11*6172380 


6-4433722]33722915 
6-454929415'3776223 
6-4645573(33823886 
6-4749592]5 3550978): 
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54648 
5397 

53398 
52663 
52032 
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37194504402 
3313454893 


40134536649 


$-4722626 


4315476498 
$:4806932 


4113-4939398 
488.4970784 


49 $*5010798 


59]$-5050447 


52185128673 
$31$*516726 


368.5243430 
50ʃ8•528 1017 


394593013], 
411-4679850],2 


45154545479], 
15 34889632 4 
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1948 
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6˙48 52380 
54953965 


65153639 
655251780 
65348825 


115772832 


645539720 
6*5633616 
6*5726509 
655818418 


95054376 


65444797 P. 


6590936508. 


83932336 
8·39831 52 
4033381 
4053037 
4132132 
4180679 


84276176 


34323150 
84369622 


50316 
$0229 
49656 
19995 
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—— 
47486 
4597 


34415603 


1153201 50 


11*5277374 


65999369 
6-6083459 


$.4506131 a 


84550699 


6˙6 1766268459481 

6-626391613:4538436 
6-6350337]3'46381725 
6-6435907[5'4724535 


I1*5235016 
11*5193068 


66851547 
6-6932 340 


6.6520642[3*4766933 
6-66045 58884808920 
6-668767 1]8:49850505 
656769996 


84891696 
344932502 
34972928 


115 
3672 
3239 


57012389 


114949553 


57091706 


11:491026445*7170305 
r1:4371327]6-7248199]3'5 13097886 
11-48 32736Þ5*7 32 85169610 
11:4794486]6*740192 118 5207902 


$*5012982 
$:5052671 


85092001 


11764 33067 
— 809 ˙ 9866608 


3933 

38977 
32 
38292 


I 14987018 


11*6385703 
116331055 
11*6277085 
11*6223777 
116171114 
116119082 


99899043 
99897750 
99896457 
99895163 
99893869 
99892575 


to: oo01147 
100001176 
10*0001206 
10*00012 36 
10*0001266 


29 
30 
30 


10*0001297 


11*5966619 
11*5916963 
11*5867868 
115819321 


[253082 


99891280 


99888689 
99887393 
99885097 
99884801 
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too 328 
10*0001 359 
10-0001 39 r 
10*000142 3 
100001456 


. 
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10*000148 23 


115771310 
115723824 
11·56768 50 
115630378 
115584397 


99883503 
99882206 
99380908 
99879610 
99878312 
99877013 


10· 001522 
10˙ 055 
to- ooo 58 
I0*000162 


tlo*000165 
10000169 


L1-5493509 
115449301 
11·5405186 
115361514 
115318275 


99875713 
998741 
369987311 
99871813 
99870513 


99869211 


100001729 
10%*0001765 
to- oon 
to- oo1838 
to*0001875 
10*0001912 


31 
32 
32 
33 
32 


33] 


3 
4 
5 
4 
6 
35 
6 


3 
3 
3 
3 


3 


"199998853 


30/9 9995764 
9 9993734 
119 9998703159 


3419-9998411 


q 


(99998162 
99998125 
32228888 


9999882＋ 
99998794 


99998672 


999986410 


99998609 
39998577 
99998 544 


99998478 
99998445 


99998376 
99998342 
99998 306 
"9998271 
99998235 
99998199 


99995512132 


11*5275462 


11*5191050 
11*5149495 
11*5108 304 
115067498 
11*5027072 


99867910 


9•986 5 306 
99864003 
99362700 
99861396 


10*0001950 
10*0001983 
10*0002026 
r0:0002065 
10*0002104 
10*0002 144: 


114947329 


11:49079991}9'9 
1148690220 ˙98 56179 
114830390 9.2355863 


114792098 


99860093 
99858788 
357454 


99853568 


10*COG2183 
10-0002 224, 
10*0002264, 
100002305 
100002 347 
10-0002 388 


19 9997974 


99998050 
9*9998012 


9 9997935 
9*9997896 


999978 56)12 


99997817 
99997776 
9*9997736 
99997695 
99997653 
99997612 


8 


58 


= 


379 
3758 
372 


(144756575 74777 74135245860 


111 1-4718983[6'75 5297085253490 


37630 


114754140 
114716510 


735714679203 


99852262 
99850955 
99849648 


10.000430 
10*0002473 
100002516 


99997370 
99997527 
99997484 


[57185318281 c1-46817195 7927 5205'5329797]2 10*0002559], 2199997441 


9:9848 341 


54P*5355228 
8.5428 192 


591$-5391863]? 


11:464477206*770143613'5357787 


11:4608137Þ* 


777472818 5394466 


8.84383 


36679 
36372 


114642213 
114505534 
114569162 


99847033 
99848725 


to- ooo 2602 
1040002646 


99997398 
99997354 


1 


| © = _—_—_— 4 


51 1:4571808P6-7847406 
Diff.] Secant | Covers. | Cotan 4D 


— — 


Coſec. 


— 


iff.] Tang. 
14 


Sine | | 


Verleds. 
5 Deg. 85 


— 


| Coline 


'2 Pep. e Nr. 
Sine Dit, Covers, Tang, Cotang. ] Secant 
2345395] 75581005 
53590 cer. 96450980284 C997; 122839939 % 0006198 
12797 

0354309, 28-18416 
' 27955125 
27729777 
27508035 
272898 144036668 3|:7*27 14501 
27-075030[030959%27'05055 7Ft* 
2686360307 hat 
126565 544 50375422266 366g411* 
20-45051009379335 6*431600[1'00071 54(0007149 
26:245694{038124 26 · 2296 350 
26-04993710384161[2650307 36 


613215]25*85416g 0997074 
96103082 5661324033998 
9607402]: 5*47133740392901 
65449 5]2 552841 
96015892 5109968 5 
359868212491 7900 


9595776[24*735731 
g9592865[24-5362123 
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$'0905182 
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$743782 
3740896 
373800 


5735125 


8732239 
5729354 


7:9604903 
7:y421556 
7'92 39959 
79059179 
78879238 


7*3700120 


1248 5 20 
1251474 
1254429 
1257354 
1260339 
1263294 


30094335 
7*9995756 
79717555 
7˙9530²²4 
7˙9343758 
79158151 


10077039 
10078005 
10078372 
10078741 
10079110 
10079480 


0077041 
0077401 
0077763 
0078126 
0078489 
0078553 


1266249 
1269205 
1272161 
I275117 
1278073 
1281030 


7*3973396 
7'8789439 
7:860642 3 
7'8424191 
73242790 
7*8062212 


10079851 
10080222 
I*oo80595 
10080968 
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10081718 
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0079534 3 
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oo80318 
0080686] 
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12764160, 
1279302 
12821807 
1285071 
1287956 
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3726469 
5723584 


8720698 
4571781 
15714929 


8712044 


78521821 
78344335 
78167656 
77991778 
77816697 
7:7642496 


1283986 
1286943 
1289900 
1292858 
1295815 
1298773 


7˙7882453 
77703506 
7*7525366 
7:7348028 
77171486 
7*6995735 


I*008209 

1008247 
10082849 
1008 3228 
10083607 
1008 3988 


0081426 
0081796 
0082 168 


0082 541 5 


9082914 
0083288 


1290841 
1293725]. 
\ 22J 1296699 
281299494 

1302375 


8709159 
$706275 


77468901 
7*7296176 
77124227 


695 3047 


76782631 
76612976 


1301731 
1304590 
1307648 
[310607 
1313566 
1316525 


13052620 
1308140 
1311930 
1313913], 
1316797], 
1319687, 
1322564] 


015077436 


76444975 
7*6275923 
76108516 
75941849 
75775916 
7*5610713 


13219434 
1322444 
1325404 
1328364 
1331324 
[234235 


7*6820769 


1*0084369 


7:6646584 
70473174 
7:6300533 
76128657 
7*5957541/ 
7*5787179 
75617567 
7:5445699 
7:5280571 
7*511317$ 
74946514 


10084752 
10085135 
10085519 
1008 5904 
10086290 
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0084039 
0084416 


0084794 
oo85172 


1*0086676 
10087064 
10087452 
10087842 
10088232 
10088623 
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0086312 
0086694 
0087077 
0087460 


0087545]3 
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13253309, 
I331213 
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75446236 
75282478 
5119437 
74957106 
74795482 
746345609 


1337240 
1340207 
134316 

1346129 


1349091 
1352053 


74780576 
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74287004 
74123978 
7:3961595 


1008901 5 
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100589802 
10090196 
1*0090592 
— 
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508861603 


0089003 
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9889779 
0090168 


1342744 
1345627 
1345509], 
1351392], 
1354274 2882 
1357156 


3657256 
8654373 
8651491 
8648608 
3645726 


864284 


74474335 
74314803 
74155959 
7*3997793 
7˙3840318 
73683512 


1355915 
1357978 
1360940 
1363903 
1366866 
1369830 


73799909 
73638916 
7:3478610 
7˙3318989 
7:3160047 
7*3001750 


009138 
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10092984. 
10093386 
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0090949 
0091734 
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1365801, 
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8637081 


213634199 
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8628436 
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73371909 
73217102 


72909469 
7*2756616 


7:3962954 
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1375757 
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1381685 
13846 50 
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72844184 
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7˙2530987 
7˙2375378 
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10093788 
10094192 
10094596 
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I*009 5408 


7*2066116 
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0093710 
0094107 
0094506 
0094905 


75924394 
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9913306 
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9912 540 
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9911384 
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9907478 


8622673 
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8616911 
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118611150 
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72452559 
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7'2001996 
2852955 


7˙2301940 


1390580 
1393545 
1396510 
1399476 
1402442 
1405408 
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71607056 
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10096631 
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0096109 
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% 010082 
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6940474 


Colec. 


19% 141055 
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109180097 
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7*8723800 
78744436 
7*3765017 
7*8785550 
748806033 
7*832646g 
7*88468 56 


g9*u89 (435 
90901869 
90912277 
90922560 
9*09 33020 
90943355 
90953067 


10431 
10408 
10383 
10360 
10335 
10312 
10285 


78867196 
18857487 


9*0963955 
90974219 


10241 


10264 


10*9105 $02 
10*909SLJZ1 
1009057723 
[10*9077340 
10*9066980 
10%9056645 
199045333 


435591 
99434103 
99432735 
39431306 
949429570 
99425447 
99427016 


10˙00 3264 
l0*0032804 
10*0©032y00 
1900033116 
10037273 
to: 33430 


15:90 36045 
109025781 


99425586 
9*9424155 


1G*0033588 
10*003 3746 
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99966727 
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,(9 9966096 

99965937 
9996577849 
2226561908 
99965459 
99965299 
99965139 
99964977 
999648 16 
9.996465 5 
99964493 
99964330 
9 ˙9964167 
399964004 
99903841 

99963677 


9942272 lo- o 33904 
9'94212y1]10'0034062 

9419859 1000034222 
9*9415426110*0034351 
9'9416993110*0034541 
9*941 5560[10*0034701 
9:9414126[10*0034862 
9*9412691]10*0035023 
9*9411256[10*0035184 
9940982 035345 
9 9483850035507 
9940694903567 
9'9405513110*0035533 
9'9404076110"003 5996 
9*9402638]10*00361 59 
9:9401201[10*0036323 
99399762110-00364871,6 19 9993573 
9*9398324}1050035652 : 99963348 
9939688 510003681762] ˙9963183 
9'9395445]10-0036982|, 6819 9953018 
9*9394005110*0037148 999628 82 
9939256510 · 0037314 „8s 
9*9391124110*0037481 9*9962519 
9933968 310-0037648 99962352 
9'9388242]10-0037815], 66199962155 
9*9 2868010003798 3 g[9 9962017 
993$5357]100038151 99961849 
9˙90 383914038319 99961681 
9938247084886 9961512 
9*9381027]10%0038657 19*9961 343 
9˙9379 5838826 99961174 
9*9378139]10*0038996 9*9961004[2 
9:9376694[10*0039166|, -, [99960834 
9*9375248110*0039337], ,z|9 9960663 


9*9373802|10*0039508 19*9960492 


90984460 
99954678 
91004872 
9101544 
91025192 
91035317 
91045420 
9*1055500 
91065557 
91075591 
9108 5604 
91095594 
91105 562 
91115508 
91125431 
21135333 
91145213 
91155072 
91164909 
91174724 
91184518 
9*1194291 
91204043 
921213773 
91223482 
91233171 
91242839 
91252486 
91262112 
91271718 
91281303 
91290808 
91300413 
21309937 
91319442 


109015540 
109005322 
10*899512% 
10*3984956 


78907732 
78927928 
7·8948078 
78968181 
78988238 
7˙ 9008248 
7˙9028212 
7˙9048 130 
7*9068002 
7*9087829 
749107610 
79127346 
7*914703$ 
79166684 
79186286 
29205844 
79225358 
7˙9244827 
79264253 
7˙928 3636 
79302975 
79322271 
19341523 
79369734 
79379901 
79399927 
7:941811c 
7:9437151 
79456150 
79475107 
79494223 
7*9512898 
7*93831732 
79550525 
7:9569276 


*110*5049444 
10*90393S5 
10*9029 344 
ro*go019335 
1109009349 
10*3999354 
108989442 
105979523 
10*3969627 
1 108959784 
10.594994 
10· 894007 

1o· 8930271 
10. 8920488 
108910728 
#$10*390099c 
108891274 
10*8881580 
10*3871908 
108862258 
108852630 
o- 8843023 
s 10·88 33438 
108823875 
10-88 14333 
to- 8804812 
108795312 
ro*8785333 
7 10˙8776376 
10·8766939 
108757523 
r0*38748 125 
108738754 
r0*$72940C 
10+8720066 


95950556 
gr0g6061 5 
97097065 1 
12% 0980662 
1319:9990651 
119:1000616 
«[9:1010558 
911020477 
1191039373 
15191040246 
22 
191951050096 
29911059924 
111911069729 
22191079512 
231911089272 
241099010 
251911108726 
26131111842 
271911128092 
20191137742 - 
29151147370 
941186927 
941166562 
32191176125 
91185667 
91195188 
01204688 
91214167 
37191223624 
351911233061 
91242477 
91251872 
91261246 
91270600 


10218 
10194 
10172 
10148 
10125 
10103 
10080 
10057 
10034 


10013 


9990 
9365 
9946 
9923 
9902 
988 


9859 
9537 
9815 
9794 
9773 
9752 
9730 
9709 
9689 
9668 
9647 
9626 
9606 
9585 
9565 
9545 
9524 
9505 
9434 
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10•8 974808 
108964683 
to- 8954580 
10*3944500 
108934443 
10*8924409 
10*3914396 
t0*8904406 
r0*8394438 
10*8884492 
10*8874569 
10*8864667 
10·88 54787 
10˙8844928 
to-: 8835091 
10*832 5276 
10881 5482 
to*830570g 
108795957 
108786227 
t10*8776518 
108766829 
10˙8757161 
1048747514 
10*8737888 
10'8728282 
10*$713697 
to- 8 709132 
10˙8699587 
to- 8690063 
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10˙80805 58 


99960321 


9252 
9233 


9193 
9173 
9153 
9133 
9114 
9095 
9075 
90 56 
9036 
9018 
8998 


108710753 
10*8701461 
10*8692188 
10*8682936 
to- 8673703 


; 103664491 


to*8655298 
ro*8646125 
10· 8636972 
t10*8627839 
10*8618725 
10*8609630 
ro*86005 55 
ro*8591499 
1085382463 
108573445 
[10:8564447 


79587988 
79606659 
79625290 
79643880 
9662431 


9*1 
9˙¹ 


9*1 
9*1 


91347835 


328926 
338391] 9465 
9425 


357260 Gor 


366665 
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376051 
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91459655 
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99372356 
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t0*0039851 


105004002 3], 
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100041064 
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99356419] 100041559 
9'9354968|1050041765 
10*354955319*9353516|1000041941 
10*854034519'9352064|10-0042118 
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1449931 6-896$799 10104568 0103486 9896514145 
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145181 3]6*$408196|1*0106280Þo105 162 9894338[41 
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Deg. 
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1394612 
1397492 
1400372 
1403252 
1400132 
1409012}, 
1411892 
1414772 
1417651] 
1420531 
1423410 
1426289 
1429168 
1432047! 
1434926 
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1443562 
1446440] 
1449319 
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Covert- 
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1466 58 5 
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11475094 
1480971 
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1495230 
501 106 
1503981 
506857 


14608 30, 
14637080 
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1492477], 
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8542047 
8539170 
8536292 
5533415 
15539537 
(113527660) 
/ 118524783 
118521906 
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147667216-7919867 


10108006 
10108440 


01068 52 
0107277? 


9893148 
9892723 


37 
36 


68319642 
63185597 
6˙805 2082 
67919095 
67786632 
657654691 


1479644(5˙758 3826 
14826175˙ 7448318 
14855906 7313341 
1488563[5-7178891 
1491 530P6-7044966 
14945 106-6911562 


10108875 
10109310 
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10*7129520[3'277196719:295 3489 662 211007046511 3*g065163|to-c08300g 122 99916991 
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6376 10*7116740[3*279777419*2966769 PPS | bind | nd bd oBoacnctmannnd 0935 251 19910492 
4412859636 626 107110304828 106499 ˙ 2973395 6616 10*7026605[3 9060549 100033759 251 99910241 
1419:2896001 * 10710399908 28235049 ˙ 2980011 6605 10*7019989}3*g05gorl anden 20 99915990 
42902357 £39 10709764308 ˙283634109˙˙2986618˙5 5 PP 2219915739 
1042908704317 [to- 091296/8˙2849 15802993216 2 t10*7006784[3*9955932j100034512]"2 194991 5458 
1291 5 2 10. 7084960828619 562% 40% 2 [1017000196 [99954392 19*c084764[? 5219-991 5236 
13192921367 5228 10*7078633]3'2$74735]9* 3006383 6279 t0-699361719*9052551/10*0085016 * 99914954) 
72927685 [10-7072315/52857455[9 3012954 HE 10*69$704019:9051310|10*0085269] 53.514732 
2092933993 . 10*7066007]3*29002 3619*3019514 — -[10:698045619-9049769| to. 085522 453 999144784 
21]42949291 _ 10-7059709[8-2912958]9-3926066] 15511069739 3413904522 7/10:0085775 25419 9914225 
429465802239] 10-705 3420]32925661]9-3032609]7543[10:6967 3911979046635] tor0086029/25419-991 3971 
2 6˙29528 59 . 10·704714108·29383465˙3039143 $534 10 · 69608 57959045142 100086283 — 99913717 
eee ee ee 6216120 6954333 3904359910 9 99913462 
79290 5390 62 10*7034610[8+2963660[9*3052183 Fre 10*6947817[9*9042055}10*0058679 3 Hop 99913207 
2971641 51] 10· 70835918 ˙297628949 3058689 * 10*6941311 99040511 o: oo 704 %< 99912952 
101912977883 2 10*7022117]8*298889919*3065187 8238 10693481 3[9*9038966|10-008730 5 99912696]; 
F 298411606733 10701588418 · 300149 10˙ 3071675 680 10*6928325]9"903742 11104008756 > 2199912440 
002990339 223[ro· 00966 10830140649 ˙ 3078155 * to- 69218459 ˙ 9035876087816 — 99912184 
5429965 53 8 10+700344713:30266191953084626 "rub r0*691537419*9034330|10*0033073 & 39911927 
77358275806 3 10*+699724215*30391 5619*3091088 10*690891219*9032783 100038330}. 5 99911670 
25J 069 1475-30 51675˙309 754% 3010· 9024599312 360.0088588 8809911475 
10+6984860[8-306417519*3103985 = ro*689601 5790296890 88846 288 99911154 
10*697868 3830766579 ˙3110421 827 area — or * 92278825 26 
10*6972515]8-3089122[9*3116848 6418 to- 68831 52 9026593 g 229303 250 9'99 © 37 25 
10*6966356[8:3101568[9+312 3266 " pan 1063767 3419902 5044100059622 259 99919375124 
" . — 2 a. n 
106960206 8-31 13996 93129675 6401 2 9'9023495 3 da 2 23 
ko-6g5406618"31a8gobig 333607010, t0:686392419 9021945} 10 0090rgl Ex[2.99 099592 
1069479341531 3879819*3142468 6383ʃ0 857532 9 202832801 904021 60ſ? 99 9598þ2 1 
10*6941811]5*3151172[9*314*851 527 106851149 901 845 a 3 216: 99999335 20 
10+6935697]5"3163529]9*3155226 6366 106844774 9' 9017294 ings da 444 5h 19 
10*+69295931**3175868[9*3161592 635% t0:6833840$19:g9015742[10*00g115 5 262129995515 
104692 3497 831881899 ˙3167950  [t0-683205019*g014190{10*009 1447 99908553 
8 8.32 o 3 5349 10-682 5501 9*g01263$|10*©Cg1709 262 9*99082 91 
io"vg17410157320049315'3 1429916341 Pratt pl 4 Je /10-0001091ÞP lanect 
106911332 8 3212779 93180640 6332 10˙68 1936059 ˙ 91085 00919711, 6419 99 — 
e eee 
10*+6899202[8*323729819:3193295 623612 0 0000705 99007979 — 63 29075 
-"[10*689315118*3249532[9- 3199611 6307 10-6800 3899 ˙9 00642 3]10*0092 701 26502 9907230 
10*+6887108[8-3261748[9*3205918 N 8 10*679408219:g00486g ada. ages Pf 99900974 
10-6881074[5'3273947[9* 3212216 — 3 es 39003313 EI a6e 99900780 
10687 5049]33286128[9-3218506]." 2 Den... 2 755 10.5093385 265 99900045 3 
10686903208: 32982920 3224788 6273 pts! an 3 3 266 444 
ö 3990 to- 68 570 583322 56919 ˙3237327 6257 10*6762673[9*5997088[10*0094352 266.2 9 
N — — — waters » you * , 4 * 1 2 
175. 4896558J68570388.3334582½·32433840248 3 9.359855 3 267 5905785 5 
5 13154947]; 7 10*634505315*3345778]9* 3249832 6241 10*075010519*5993973[10*0094 5 265199995 : 4 
057193160921 —— 10· 68 39079ʃ8·33588 579˙32 56073 6232 10˙6743927 9 2992414110-0095152 268 919904845 3 
58316688 5 505 10·6833115I[8•33709189˙3262305 6224 106737695{9*8990 55 2 268 999045 of 2 
059193172841]? 48 10˙682 71 598· 338296303268 529 bags 10-6731471[9'5989296|r0*0095 268 204312 I 
651913173789 594") 1006821211 $+339499119-32 74745 10*+6725255]9*8987736}ro-0095956 99904044 O 
Coline [Diff] Secant | Coverl, Corang. Diff, Tang, Verſedſ.] Cofec. D.] Sine | 
* ; = TH rg 7 
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> 


|:2 Deg. 
Sine Lit. 


2079117 
208 1962 
2084807 
2087652 
2090497 


2099030 


8 Allee sel "0 


2127462 


2093341, 
20961865 


790381 
44 9 4 


s 7895282 
7892 
44 92439 


2130 040, 


7869696 


Coverſ- 


NaTuRraL Sings, &c, 


e 


Coſec. 


Tang. 


Cotang. 


7920883 
7918038 
7915193 
7912348 
7999593 
7906659 


48097343 
48031613 
47966066 
479 , 
4˙783552ꝛ⁰ 
47770519 
47205699 


2125500 
2128606 
2131647 
2134688 
2137730 
2140772 
2143814 


47046301 
46979100 
46912083 
446845248 
46778595 
4671212 

46645832 


Secant 
1022 3406 
10224039 
10224672 
10225 307 
1022 5942 
150226578 
10227216 


| Verl. D. 


Cofine 


0220342 
922095c 


7900970 
7898126 


7859595 
7886752 


47641058 
47576596 
47512312 
47445206 
47384277 
47320524 


2146857 
2149900 
2152944 
2155988 
2159032 
2162077 


46579721 
46513788 
46448034 
446352457 
46317956 
46251332 


10227854 
10228493 
10229133 
10229774 
I*02 30416 
70231059 


0222778 
0223335 


0224001]; 


0224613 
0225227 
0225841 


o2185 
9 
0219735 


2215 5809 
02221685 


515[2274"59 


788 3909 
7881066 
7878223 
7875381 
7872538 


4725945 
47193542 
47130313 
47067256 
17004372 
46941660 


2165122146186783 
21681671]4*6121908 


2171213 
2174259 
2177306 
2180353 


46057207 
45992680 
45928325 
45864141 


10231703 
10232348 


1*0232994[022 7689 


10233641 
10234288 
234937 


2226456]. 


0227072 


0223307 
0228925 
0229544 


2133146 
2135988 
2138829 


„7866854 


2147353 


2150194 
2153035 
2155876 


2141671], 
2144512], 


2: 118538329 


7864012 
7861171 


7855488 
7852647 


4.6879119 
46816748 
46754543 
46692516 
46630652 
46565956 


2183400 
2186448 
2189496 
2192 544 
2195593 
2198643 


4*5500129 
45736287 
45672615 
45609111 


10235587 


15585776 
45482608 


7849806 


2158716], 
2161556}, 


2164396 


7546965 


4'0507427 
46446064 


784412 
784128 
7838444 


17535604 


6384857 
6323835 
46262967 
46202263 


2201692 


2216947 


220474214*5356773 
220779314*5294105 
2210844[4*52 31601 
221389514*5169261 


45419608 


510708; 


102362372 3078 5 
10236889 0231407 
10237541]0232030]|, 
1*0238195]0232653 
t*02 388490233277 6 
1023950402 33902 
1-0240161]02 34528 
1-02408180235155|/ 
11024147602 35782 
10242 I35]0236411 
102427952370 


0230164 


2107230 


2175754 
2178593 
2181432 


[212184271 


38]2187110 = 


3902189948 


2192786. 


4112195624 
2198462 


312201300 


2204137], 
4512206974 K 


4602209811 

4712212648 
2216485 
2218321 


222683 


2232501 


2170076 
2172915], 


2229666], 


22211581907 
222399 


7832764 
7829924 
7827085 


917824246 


7821407 


7818 568 


46141722 
46081343 
46021126 
4 596 
45901174 
45341439 


2219999 


222305114-4983221 


2226104 
2229157 


4486 
223221114*4798636 
2235265 #4798630 


*5045072 


44921532 


1024 34 5602 37670 6 
11024411802 38301], 
1024473102389 32], 
1024544523956 55 
150246 1 100% 240198 6 
102467 7610240832 


9781476 
9780871 
9780265 
8796558 
9779950 
9778442 
9777832 
119777222 
4 9776611 
977599 


9774773 


619773544 
19772928 


89771693 

9771075 
9770456 
19759830 


9768593 
9767970 


9766723 


a 9766098 
9765472 
976484; 
4 9764215 

9763589 
3762960 
119762330 
9761699 
9761068 
9760435 
9759802 


977535715 


119772311] 


p 976921545 


976734713" 


7515729 
7812890 
7810052 
780721 

7804376 


45781862 
45722444 
48663183 
4*3604080 
45545134 
45486344 


2235319]4-46763791110247442 
22413744461 5489/048110 
2244429144554756|1-0248779 


2247455 
2250541 
2253597 


44494181 
44433762 
443235 


15249448 
102 50119 
1*02 50790 


0241467 
0242103 
0242740 


7801538 


779870 


7795363 
17793026 
7790189 


7787352 
7734515 


45427709 
45369229 
45310903 
45252730 
45194711 
45136844 


22 5665414*4313392[1*0251463 


225971114'4253439 


22627691]4-4193641 
226582714-4133996 


2268885 
2271944 


149745 
4401 516 


10252136 
10252811 
1*02 53436 
I*02 54162 
10254839 


7781679 
7778842 
7776006 
7773170 
7770334 


45079129 
45021565 
44964152 
44906889 
44849775 


7767499 


44702810 


2275003 
2278063 
2281123 
2284184 
2287244 
2290306 


43955977 
4'3396940 
43338054 
43779317 
43720731 
43652293 


170255518 
10250197 
10256877 
10257558 


102 5824000251739 


1*025892 310252388 


7764663 
7761828 


: 7758993 


7756158 
7753324 
7750489 


44735993 
44679324 
44622803 
44566428 
44510198 
44454115 


2293367 
2296429 


229949214*34$786611-0260978 
23025551]4*3430018[r-0261665 
230564 814*3372316[1-0262352 
23086824˙33147 59 · 263041 


4˙36⁰ 
43545861 


r*02 59607 
10260292 


40 9755985 


4 
6 9750849 


649 
50 9747612 


9759168 


9758533 
9757897 
9757260 
9756623 


g[9755345 


119754796 
9754065 
219753423 
; 9752781 

9752138 
$1225 1494 


9750203 
9749556 
39748909 
9748261 


9746962 
9746311 
219745660 
9745008 
9744355 
9743701 


| [Cofine 


if,| Verſ, 


Secant 


Cotan. ] Tang. | Codec. 


Coverſ D.] Sine 


Deg. 77 


1 — = =. = 


, r ———_ as =. SD. i. 1 


8 — . k!'!pf'ſ— - —_ ., 


(273) 
Cotine 
9˙9 
99903775 
9990350 
99903237 
99902967 
99902697 
92902426 
99902155 
299901883 
99901612 


Loc. Sings, &c. 
Tang. Diff Cotang. 


9 327474516208 
9328095 31g, 
13287153 6192 
9329952806175 
9330570406168 
93311872 6159 


250 


Coverſ.| Secant 

10672525519 
10671904719" 
10*671284719* 
10*670665 519* 
to-· 670047209 
ro*6694296 
10·6688128 
10·668 1969 
41666967 


bo 


59 
58 
57 
56 
35 
54] 
53 
52 
51 


ro*682121118+3394991 
10681 52721$+3407002 
10*680934118*3413997]9 
r0*680341918*343097519' 
10'6797505[8-3442936 
10*679160018* 248180 
Ml 10˙6 78 57038 3456808 


1087798 146347871 


49˙%3202495 5 
$19'320840c 
619:3214297]; 

719" 3220186 
$19* 3226066 
9323193802 


10997033 
100097 r 
19.0097 574]? 
10*0097545 
loo0g8117 
100098385 


1 
98978367 
98976 
9897 5241 
9397 3677 


93243957); 


3301761 
3397527]; 


13319035 


93359062 
93364740 
93370428 
93376099 


9'3393065 
93398706 


9'3499963 
93415580 
93421190 


93426792 


93437973 
93443552 
119 3449124 


93460245 
19 3465794 
9˙3471336 
9347687 


93237802]? 


9324950505 


5799 
1579 


$3313285|2/ 


397-3353368 


9:3331762[? 
93337418]? 


934043380 


93432386]. 


45133454688 


10:6762198|8-3514354[9:3336463/2) 
10*6756343|8*3526200[9'3342591 
10-675049515-3538029193343711], 


10+6744656|8* EE: 3354823], 


9]9*3313031 
10*677 3934/3 349961419'3324183], 
10*+676806218*350249219* 35332706 


10·673 30038 · 3573493367024 
5806ʃ16.672718988.358 5184.337313 
106721383]8-3596932[9"3379194 
10671 5584[8-360866 


10*6738826]8-3561639[9* 336092712 80 


23335262Tä55 


98972112 


398970547 
59 ˙8968982 


10*0098661 
t0*0098933 


7 


9 


5782 
5773 


758 


10˙569823958˙ 3643765 ˙ 3493441 
10'669247 313365543 


; 10*668671 5[$+366708619*'341 551 


10*670979413-362038119'3391333 * 
10*6704012[8-363208119*3397391 
9 3499484]; 
9 


- (10668096 5836787239 ˙342 1546 


1 6045177 
4046639073 
10*663297619 
10*6626887 


Hro*6620806} 
10*66 10:6614733 


10* 10.008667 
to- 6602609 


to*6596559 


106590516] 


10˙6 58441 
1065728454 


989674106 
9˙896 58 50 

8964283 
9*8962716 
9*38961148 
313959580 


100099753 
10*0100027 
[00100302 
l0*0100577 
Io*oTO08 52 


r0*0099206 
100099479 


38958011 
989 56442 
95954572 
9'5953302 
98951732 
98950161 


100101127 
100101403 


[O*0IO2SL1 


100101680 
001019572 
190102234 


319*9901 339 
219*9901067 
2.22009 


9990247 


5559898 


50 
49 
48 
47 
46 
45 
44 
43 
41 
o 
39 
38 
37 


92900521 


99899973 
99899698 
99899423 
99899148 


99898597 
99898 320 

99598043 
99897766 


10˙6663763J8·3713539˙343058 
10˙665804 [837251 

10·66 5233 5[8˙3736672 
110-664663218*3748215 


1066409 3813*3759743 
*[10*663525118+3771255 
1110:662957218'3782751 
10*6623g0118+37942 32 
2110-66182 38]8-3805698 
10*6612582[3-35817145 


10*+667522318-369034419* 342756 
6110-6669489}8-370195019*343357 
9*344558 
93451575 
923457882 
93403527 
3459494 
93475454 
93481407 
93487352 
9340832 
10.660693 583828 584493499220 
2110˙660 129483845143 
10˙6 59566218385 14099 ˙ 3511059 
- 106590037 


lo*6573208]8-3896878 

10*656761418-390$207 
"[10*6562027[8-3919522 
2 10˙65 5644833930322 
10˙6 5 508 768-3942 107 
[10*654531218*3953377 


13534650 
93540539 
93546402 


93563977 


0 


$-3862799[9* 35169680 
o[10*6584420]8-337417419*3522869]? 
2110-65788 to[8-3885 53319" 3525763 ; 


9*3552267]2 
935581262 


106572434 


10*6566422 
r0*6560417 


to- 5 544 
10˙6 548430 
106542448 
7319 5939150 


10*65364 
10*65 30506 


j10*6524546 


ro*6518593 
t0*5512648 
10˙6 506710 


98948589 
98947017 
98945445 
9'8943872 
98942299 
98940 5 


10010068 
100103346 
100103626 
10*0103905 


2 
100102789 


279 
275 
2 


36 


35 
34 
33 
32 
31 


99897439 
99897211 
998969 32 
99896654 
99896374 
99896095 


100104185 


9*8937576 
9˙89 36 
95934425 
15932849 
98931272 


100104465 
100104740 
toro to oz 
10*010 5308” 
ro*0105 902 
100105872 


tlo*65c078C 


-110-6494857 


t10*6488941 
10˙648 3032 
106477131 
t0*6471237 


18929695 
98928117 
93926539 
98924901 
98923382 
98921802 


10· 006155 


100106721 


1001064 38|* 


1040107008} 
10-0107289|* 
100107573]? 


282 


*19:9894410 


ro*646535c 


106459470 


(0+6453598 
10*6447733 


106441874 
10*6436023 


98920222 
98918642 
98917061 
98915480 
98913898 
98912316 


100107858 


t0*010842g 
too10871% 


100109239 


100108144 


1050109002 X 


*3569821 


10653975518+3964632]9 
9:3575658 


1065 342061]8-3975873 
10*6528664[8-3987098 


93581487]? 


r06430179 


10*6424 342 
106418513 


93907 566 


9*8910733 
98909150 


toolz 
to- ,] 


10˙ 0109570, 
100109863] 


g19'98g01 37 


99895815 
99895535 

99895254 
— We 
99894692 


30 

29 
28 
27 
26 
25 
24 
23 
22 
21 

20 
19 
18 
17 
16 
15 
14 
13 
12 


99894128 
99893845 
99893562 
99893279 
99892995 
99892711 
99892427 
99892142 
99891856 
99891571 
99891285 
99890998 

99890711 


99890424 


11 
to 
99889849 
99889 560 


9 8905982 
98904397 
98902812 
98901226 
98899640 
98898054 
98896467 
98894879 
98893291 
Verſedſ. 


10*6412696 
106406874 
to:6401065 
106395264 
041016389469 
"[10+638 3681 
106377900 
1046372126 
0·6 366359 


Tang. 


7 10·6 5231 308 · 39983 1009358731052 
£ 10*6517603|8-400950619*3593126 
2 10:65 12083/8:402068819*3598935 ; 
t0-6506571]8-403185519*3604736 
'10*6501066[8-4043008[9*36105 31 
10˙649 55688-4054 1479·36163 17905 
483 10˙649 007808406 522093622 10⁰ 3 
59 5475 106484595 8:4076380[9- 3627874 
Fe 9*352088 2 6479120 840874759 ˙3633641 
i Secant Coverſ.  Cotang. 


C 
ba wo. 5 
93457917 5 


99889271 
9888982 
49888693 
99388403 
99888113 
: 9:9887$22 
99887531 
998872 39 

ine 


Deg. 77 | 


100110729 
10.01 10118 |. 


190111307 
100111597 
100111887 
100112178 
100112465 8 
100112781 92 


Colec. ID. 


0 « Þ WW Sw ow woA 


D. 


Ditt- 
M m 


Narturai Sings, Te- 


Diff. Coverſ. 


Coſec. 


Tang. Cotang. 


Secant Verf. 


112252345 
242255179 
32258013 

60846 


2 


283 
283 
283 


83 7741987 


7733487 


7750489 
7747655 
7744821 


7739154 
7736320 


44454115 
44398176 
44342382 
44286731 
44237224 
44175859 


82231481 


2 308682 1026 3041 


2311746 


I 
2317876 
2320941 
2 324007 


43314759 
43257347 
4˙ 3200079 
43142955 
43085974 
43029136 


10265113 
10265806 


1026373102 569 
110264421025 761 


10266499 


256299 


44120632 2327073 


4297244001 0267194 


2275012 
2277844 
2280677 
2283509 


22586341 
2289172 


7739054 
7727821 
7724988 
7722156 
7719323 
7716491 


R 7705165 


7713659 
7710828 
7707996 


7792334 
7699503 
7696672 
7693841 
7691011 
7688181 
7685351 
7682521 


23301 
2333207 
233027 
2339342 
2 34241 
2345479 


44005550 
44010616 
43955817 
4*3901158 
43346638 
43792257 


02 60 
0261561 66 
0262222 


10267889 
10268 580 
10269283 
10269982 
10270681 
18271381 


2915885 
2859472 
2803199 
2747066 
42691072 
42635218 


1 


43629943 


434688612 36390 


4373805348 5484˙2579501ʃ 
4"3683910[235161714"2523923 
235468714*246348211*027 3488] 
4'3576113]235775514*241317711 0274192 
4*3522419|236082914*2358009|1*0274897 


10272032 
10272785 


0267542 
23029771 5225603026821 


4341 54380236697 1042248082703 100268881 
2370044(4*2193318]10277018[0269551 
2373116j4*2138690]1'0277727]9270223 
237618914*2084196]1*0278437]092 70895 
2379262[4*202983511027914819271 568 
2382336[4*19756061102798 


43362150 
43308996 
43255977 
43203090 
4*3150336 


0272241 073 


2828 


917668375 4'2888543 


767969114*3097715 
7676862 
7674033[4'2992867 


43045225 
23915 
'2940640 


239463504 
239771147 
24007884 


ö 


3202 340110 
3312342938 


2828 
2828 
2828 
2828 


7648579 


766271 
76598 


765706214*2681449]2410019 
76542 34]4 


7651406 


$142 7847 38124038364 
90142 733029]2406942 


*15996$5|1*028487 110276980 


'2629996[24139971]4"144051 
*257867112416176]4*13877 19110287755 
'2527474[2419255]4'13350461102884799250390 


4149 3446111028631110278342 
1028703310279024], 4 


O 
4˙1546 50101285 5900277661 
279706|,; 


7645752 
7642925 
7640093 
7637271 
7634445 


'2476402[2422 33414125249 
*242 54571242 5414141230079]: "0239929 
'23746371:4253494]4117778 
*2323943]2431575]4"112561 


*227337312434656 


7631619]4*222292512437737 


1028920328 1074 
281760 
1029065 50282446 
1-029138310283133 


219730449 
219729777 


$2227759] 


219717554 
"19716180 


9731119 


9729105 
9723432 


9727084 
9726409 
9725733 


33 


8 9725056132 


9724378031 
972 3699139 
9723020[29 
972233928 
972165827 
972097626 
9720294025 
2219610424 
971892623 


9718240 22 


21 


9716867 


1073569 029211110283820[, 
4'102164911*2292840 689 


432371207 


7628793 


2374033 
4512376859 
46 
92 
48 
— 
49 
50 
51 
52 


2382510 
2385335 
2383159 


2393808 
2396633 


2379684), 


2390984 


| 


(7611841 


7625967 
7623141 
7620316 
7617490 
7614665 


— 172606 


2440819 
2443902 
244698 


2122408 


12072333 
42022380 068 


0284509 
09698 52010293571 5285198 
0918178010294 302028 5888 
408666271 0295034286579 
8151990295768 


24 50068 


4"197254912453151 
41922840[24562 36 


0287271 693 
4076389201 0296502 693 


0287964 
4071270711 0297237 


7609016 
7606192 
7603367 


532399457 


4 
TT 


2402280]. 


7600543 
7597720 


4"1573252[2459320 
1823782462405 
417744351246 5491 


0288657 
4-0661643]1*029797 310289351 


4-0610700[1*029871 10290047 


695 


405 5987711'029944919290742[69 71970925 


4172521002468 577 
4'1676102[2471663 
4:16271141247475 


0408 125 0301669029283 5 99 


2405104 
2407927 
2410751 
$8,2413574 


55 
56 
$7 


59/2416396 
60,2419219 


759489604 
75920734 


7589249 


Dir. Verſ. 


7580781 


758642604 
758 369 


035777913411 293534 700 
030755011'0303154192942 341701 
'02574491030389810294935]702 
02074460 0304643029 5637 702 
'01575701110305359j0296 339], 
'0107809|1'03061 3610297043 


6909714802 
69119714112 
69219713421 


694 971 1343 
696197 10649 


4*050917411*030018810291439|69gf9708561 
'0458590[1*030092810292137|64g1970786 


9715491 


9712729 
9712036 


970995311 


9707165 
9706466 
9705766 
9705065 
9704353 
9703661 
9702957 


- Sw +4 wr] ow cs 


Sine | / 


Tang. | Coſec, ICoverl.| B. 


Deg. 76 


** 


N »w — © 


10 


—IT 


Loo, Sings, &c, 


ne Diff Coſec, [Verſed?, 


Tang. 


Diff Cotang. | Coverſ. j Secant 


9'3526349 
9353181 


93542710 
935431 50 
93553552 
9*3559007 
9:3504426 
93569836 
9'357 5240 
9*3550037 
9:3536027 


93591409 
93595785 
93602154 
93607515 
9:3612870 
93618217 


— 


93023558 
93628592 
93634219 
93639539 
9˙36448 52 


9366603 
93671315 


93723735 
93728940 
93734139 
93739331 


93749696 


9376003 


Dee 


K „ 
— 


— 
, 
. 


TE 


9*3836752 


5469 
ol5461 


353726455 
4. 54410-64572 


93718523 p 


93744517? 


9*3754868} F 


4 1 


$43?119-644641$]8-41 53746 
5425 


540 


5397 


3390 
5382 


7110*633178 3184284770 


"1046349842 


D 
93639 

93645788675 
9 36509011. 
938 5904115733 
9'3562374--26 
9-3668 9005 


10-647912015:4037475 
10*647365 118-4098 556, 
10-6468 190084109622 
1064627 3613-4120675 
84131713 
10˙545 18 80084142736 


576 


to· 33190009 · 888375 


to- 63663 599 ˙88932910[tʃ0˙0112761 
10*636059919*83891703]10*0113053 
1063 54%4519*589011411000113345 
10*634909919'8888525]Þro0113637 
10634335919 83386935]100113939 
19-6337626[9'33$5 344p1050114224/ 


o*O0114518 


t10:6440993154164741 
10:643557413'417572319*3679532]; - 
10*643016418*4156690[9-3685238 
10-6424760]5'419764419*3699937]; 
10-64 19363184208 58 309 ˙3696629 


93738795 
oz 
10*6314762 
10*6309063 
61196303371 
9 106297685 


9*8880571þp00115106 
9*3878978[10"011 5401 
9*3877386þ-0*0115697 
9*38875792hto'0115992 
98874199 to- 0116288 


bbs ese 162Hoo114812 6 


10641 3973842 19508[9:370231 5]; 
10-640859115'423042019-3797994]; 
10+640321 5]3:4241 3139-371 3667 5 
t10*6397846]3-425220119*3719333 
10˙6 39248 5[3:426307219*3724992 
10˙6387130ʃ8·4273928˙3735645ʃ5 
93739291]; 
93741930 
93747563]; 
9 3753190 
93753810]? 
93764423 
9*3770030 


98872605 
98871010 
g9*3869415 


10*5292006 
106286333 
10*6280667 
t0*6275008]9* 53867819 
10-626935519'8866223 
10*6263709[9* 3864627 
10*62 58070[9 8863030 
10*%625243719*38861432 
10*624681019*58 598 
10-5241 19009 ˙88 58236 
10623557709. 
{10622997019 B55 5038 


10*6376442[5'4295599 
10-6371 108184306414 
10·636 578184317216 
10+6 36046118432 8004, 
10·˙63551488˙4338778 
84349530 


10·0116585 þ 
to*0116882 
100117179 
tovI17477 
to0117775 
r0*0118073 
10·0118372 
1000118671 
Ioo118971 
109011927113 
10011957113 
100119972 


5279 
5272 


1 
I 
419 333984 


84360286 


84371020 
34367745 
34392447 
34403141 
8413821 


10•6224369 
t0*621877 549 
to- 2 13187-88502 36 
10*6207606[9 8848635 
10*+620203119*8847033 
r0-6196463]9*5845431 


93775031 
9*37 1225 A 

9.3786813ʃ5 58 
93792394 
93797969 
93803537 : 


0*6339250 


1046328685 


106323413 
1046318147 


s 10˙6312889 


00120777 
100121079 
100121382 
100121685 


98843828 
98842225 


106190900 


9˙3809 100 
6785345 


93814655 


54424458 
84435142 


10·6 307637 


5205 
5199 
5192 


93840621 
98839017 
98837413 
98535807 


10*6179795 

10*61742 52 

j (106168715 
to*616318 


93320205 
9352 574* 
93831285 
93836816 


[2000121988 


100122292 
100122 59665 
10· 012290103 
100123206 
100123512 


g[10*6157660[9'88 34202 
[126152142 3*3832596 

1061466301988 30989 
10-6141 12419 5829382 
10*613562419*8827775 
ro*61307 31195826167 


10*6124644|9*55324558 
ro*6119163]9*8822949 
9[ro-611368*|9'8821 34c 
to*6108219]9 88 197 3c 
r0*+6102756[9*881811% 
10-6097 30c[9* 8816508 


93842340 
93347858 
93353370 
93858876; 
93864376 

93869869 
93875356 
93880837 
93886312 
93891787 
93897244 
9*3902700 


19*628147715*4488213 
10.627626 51498788 
to- 6271060845093 50 
10·626 5861684519898 
to- 626066918 4530434 
1—.62 85483048287 
10·62 503045455147 
10·624513284561964 
10462 3996684572448 
10·62 3480684582920 
104622965 3134593378 
10*622450713:460382 


LO"O12 351 


7 
1001241 24] 


10012443003 
100124737 
to- 12 5045 
10· 0125352 


9988341 
9988311 
: 99882821 
949882523 
99882225 
99881927 
99881028 
99881329 
9˙988 lo29 
99880729 
99880429; 
99880128 
99879827 
99879525 
99879223 
99878921 
99878618 
99878315 
99878012 
99877708 
79877404 
99877099 
99876794 
99876488 
[99576183 
9 9875876 
99875570 
29 ˙9875263 
99874955 
99874648 


100125661 
100125969 
10*0126278 
100126587 
100126897 
100127207 


9*3796015 aq —— 8·4645480 


f 10· 619376318 4666233 
[106188661 $:467659go[9- 3940727 


9 106178477[8-4697267 


10*609184919*8314897 
t0*608640519*8313285 
to- 0809669 881167 3 
*Hro*607553419:88 1006c 
10*60750107[9*8808446 
to- 60646879: 88068 32 


93908151 

10621423 3]5462467719*3913595 446. 
9*3919034 
9*3924466 
9*3929893 
3935313 


10•61988 71684655863 


100127518 


r0-605927 3}988052 18 
10*6183566]8-468693 519*3946136 10-605 3864[9*8803604 
93951538 s 10*6048462[9*880198$ 

5397 10-6043065]9*S800372 
3% [r0-6037674198798756 


10'617339513-470758719" 3955935]; 
10-616831818-4717894{9- 3962 326 5385 | 
10-6163248[8-4728189[9+3967711 10-6032289]9*8797140 


10013033 
tool — 


10·0129389 
10012970205 
to-·ol 3001 


13 
31 


| EXE 
Dp c©-s ou 
* . . 

2 


Coline 


99874339 
9 9874031 
99873722 
2199373413 

99873103 
22822223 
99872482 
99872177 
99851260 
99871549 
9851236 
99870924 


99870298 


Secant | Coverl. | Cotang. Diff. Tang. [Verſed(. 
m 2 


114 Deg. 


/q4 Swe Dit. 


Covetl.| 


12 


2453074 


217566671 


7580781 
7577959 
7575137 


217572315 


7569493 
75563850 


"12 3943512499460 


'I19149 
1143675 
— 19s 
4048324 


2503551 
2505642 
2508734 
2511826 


NATURAL Sings, &c. 
olec. Tang. 


'1335055]2493280 
'125745712496370 


4010780911-0306136[0297043] 
g0058165[1-0306884[0297 74717 


40008636f· 030763 300298452 


3995922301 0083830299158 
103091 3410299864; 


399999 


398607390 09886300572 
39811669103 1063900301280 


9698 7c 


2821 


4459854820 


2820 


[7555387 
7552507 


7561029 
7558208 


7549746 
75465926 


4100089 3 
40953520 
40906272 
4˙08 59130 
408 12100 
40765181 


2514919 
2518012 
2521106 
2524200 
2527294 
2530389 


3'970271211*0311393]-301989 
3'9713868[1-0312147[0302699 


3*9665137]1*031290310303409 
3*9616518]1*031 366c[0304121 


39568011 
39519615 


10314418 
1318172 


0304833 
9305547 


7544106 
7541287 


40718374 
40671677 


7538467 
7535648 


40625091 
40578615 


97 53282914'05 32249 
17 53001014043 5992 


2533454 
2536530 
2539676 
2542773 
2545870 
2548968 


39471331 
39423157 
3937509 

39327141 
39279297 


3'9231563]1-0319750 


I.0315936 
10316697 
10317459 
10318222 
10318985 


0306260 


0306975 
0307691 


0308407]/ 


9309125 
0309843 


57527191 


7524373 
7521555 
7518737 
7515919 


2 


7507467 
75046 50 
7501833 


7499016 
7496200 


0439544 
5393804 
0347572 
40302048} 
40256332 
40210722 


2552066 
2555165 


2558264|3-9089011]1-0322 


2561363 
2564463 
2567564 


3'9183937 
39136420 


39041710 


10320516 
10321282 


0310562 
0311281 


oo 


r-0322818]0312723 
3899451611-0323535Þ313445]|/ 


0312002 


3894742903243 590314168 


40074532 
40029347 
39984267 
3*9939292 


2570664 
2573766 
2576868 
2579970 
2583073 
2586176 


399004481 0325 130314892 
385535744032 5903315617 
3880680 5326676316342 


38760142 
3˙871358 
38667131 


I'0327451 
10328227 


10329003 


317069 
317796 
318524 


9694453 


19687998 


9698011 
9697301 
9696591 
9695879 


9693740 
9693025 
9692 30g 
9691593 
9690875 
g6go157 
9689438 
9688719 


9687277 
9686555 


9685108 
9684383 
9683658 
9682931 


9681476 


9685832 


9682204 


45 


67493384 


217484937 


217479306 


517468045 


7490568 
7487752 


7482121 


39894421 
39849054 
3˙9804991 
3˙9760431 
39715975 
39671621 


2589280 
2592384 
2595488 
2598593 
2001699 
2604805 


38620782 
38574537 
38528396 
38482358 
38436424 
38390591 


10329781 
10330559 
10331339 
10332119 
10332901 
10333683 


0319252 
0319982 


0321443 
0322175 
0322908 


7476492! 
7473677 
7470863 


3˙9627369 
3˙9583219 
39539171 
39495224 


7465234 


39451379 


2174624211 39407633 


2607911 
2611018 
2614126 
2617234 
2620342 
2623451 


38344861 
38299233 
38253707 
38208281 
38162957 
38117733 


10334467 
10335251 
1033603: 
10336823 
10337511 
10338399 


0323042 
9324376 
0325112 


032584807 


0326585 
0327322 


0320712] 


44 
45 
46 
47 


49 
50 
51 
52 
5 


55 
56 
37 
58 
59 
60 


| 43125 


2557270 
2560082 
25628 


7 275 


2588190 


2812 
2812 
2811 


745906073 ˙93639388 
3}1:45679413'9320443 
745 3931139276997 
745116$]3*9233651 
317448355[3'9150403 
317445542]3'9147254 


2626560 
2629670 
2632780 
2635891 
2639002 
2642114] 


38072009 
38027685 
37982661 
37937835 
3*7893109 
37848481 


10339188 
10339979 


03280 


1*03407 7010329541 


1*0341 56310330282]. 
1*0342 35619331023]. 
11034315110331766]_ 


61]. 
0328800 


217434295 
117431483 
. 7428672 


74427 30 
7439918 
7437106 


3'9104203 
3:9061250 
39018395 
38975637 
38932976 
3˙8890411 


2645226 


2648339 
2651452 
2654566 
2657680 
2660794 


3*78039511103439461933251 
1034474303332 
3*771518511'034554©[0333999 


3*775951 


3*76709471110346338[9334745]; 
3*7626807[r-03471 3810335452 


37582763 


10347938 


336239 


, 7425861 
977123050 


9 741181 


7420240 


741743 
741461 
O 


38847943 
33805570 
38763293 
3'8721112 
38679025 
3˙8637033 


2663909 
2667025 
26750141 
2673257 


[2679492 


2676374 


3˙7538815 
37494963 
37451207 
37407546 


10345740 
10349542 
10350346 
10351150 


3*7363980[1"0351955 


3*7320508 


10352762 


0336988 
2337737 
0338487 
233923 

9339989 
2340742 


„ 9679288 


6674888 


9669718 
9668977 


6 9666001 


9680018 


9678557 
9677825 
9677092 


9675624 


9674152 
9673415 
9672678 
9671939 
9671200 


9670459 


9668234 


9666746 


9680748129 


9676355 22 


9667490 


9665255 
9664508 
9663761 
9663012 
9662263 
g661513 
9660762 


9660011 


— 


Cone Biff 


Verſ. 


Secant Cotan. 


Tang. | 


Coſec. 


Coverſ 


9659258 


D.] Sine 


Isel 


Deg. 


75 


Nt Ooſec. Ve ul. 


Los. Six Es, &c. 


73841 81 5 
73846873 


93856969 


1 i es ww = © 
* 


e 
151973912057 
43977028497! 


19193931995 7 
430368 52[#947]10-60631488:4931530 
34179449. [r0· 6058 20684941572 
1203046729 35J0·6053271084951601 
111g-3951658[t97 10:6048 342034951619 
40-39 56581 318 19:6043419]3'4971625 
63951499 „ 10*6038501]5-4981619 
2 Leg . 10-6033 59084991602 
93971315 49 5ro- 602868 fU8 5001573 
18473979215 ** 10*%6023785[8-5011532 
2 13981109]? 94110+601889113*502 1450 
1.888928 4882 
1399878876 
3 39957841875 10*6004246 85051254 
. dense 
1419 429545 

33 — 4259 10*598965215'508092 5 
4253110-598479913- 5990792 


(619401 5201 


10*616324813:4728189 
5063 1061581851847 35472 
505810·6153127ʃ84748742 
505 1061480768 ·47 59000} 


$15239}1 0-61 379921847 79450 
5032 


ang. 


overl. | t D. 


$245]10-614303 1084769246 


Tro'601617 
$3%1},0-601080 
335 10-6005453 

49] c0+600010419'8787429 


7475548 100131 
9878904 


10.609790 8.860910 


953]10-6092921 84871034 


10:+608297215'4591247 
43921993 995]10:6078007[8:4901336 
3443926952 rk 10*607 304884911412 


953 t0*+606809518:4921477 


4357 


10*600912218*5041 341 


264112 5999375Þ3'5061156 
10*599451118*5071046 


4547 


1719:4020048 
5 94024889454" 


77 
94977766 477 
9—58363982J89 774515227752 
— 4764019.59 726 85237451 
29 40920 
5594096824 oy 10*5903176]8*5256817 
54194101575 r0*589842 518: 5266434 


48 30 


4824 19*596544618-5 130148 


10*5994760{9*8785809}10'0133173 


10*5989422 


9:8784188]10-013349113* 


*1r0-5984090[9-8782 567110001 3 330903! 
1105978763 
$1110-597 3442 
— 10· 5968 127 


9'8780946|10-01 34128 — 


98779324410'01 34447 
9'$8777701]10-01 347671352 


10*5962818 


10595751449 577445411001 35497 


10*595221t 
10*594692 
10*5941637 


7s 10-593635619'8767955| 10-01 36692]3** 
10*593108119*$766329}10-01 3701 


10*5925811 
10*5920547 
Io*5915258 
10*5910035 


10*5904788 


10*5899546 
10*53894310 
10· 5889079 


: l0*5$88385419'87516 


10*587863 


3110-587 3414193748412} 10014058 


9877607811001 35087 


987728 30ʃ10˙05727 
9'$771206|10-01 3 
9*8769581]10'or 36370 


98764703|10001373371} 
8763076 to- 0137660 
9 8761449/¼ 00137983 
9*38759821|1001 38307 
1'$8758192|10*0138631 


320 


32 319-986201 713 


9'5756563]10-0138955),, 
9875493 10-01 3928003 5 
9*8753304|10*01 39606; 

4 1001 39931Þ325 
9˙87 50043|10*01402 55 


10-585 7809 


"J10*3852617 


10* 586821 119*8746780{10*0140g11 
980.5863007 98745147 


10001412 38Þ*7 
1$743515|10-0141 566Þ 


9 
9:87 3861 3j10-0142 551 328 


10*5979952[3*'5 10064819" 
48351 0 5975111085110493]97 
19194929724 5 10+5970276[8-512032619" 
0134934554 
94039378 818 105960622 85139959 
8 248132885455 


94249009], a,.119 9 91685159546 
9405381625" 

$197 5861706 
9:4063413]77?"[10-5936587]3-5188844 
1719:40682031t72* 


10*594618418*5169324 


4501110-5941383]35179089 


$,119*5931797Þ3"5198588 


$519:4072987 1%4 10*5927013]8*5208320 


10*5537072 


"Jro-5$31901 


t0*5$26735 
lo'5s821575 
105316420 
105811271 


987 36975110-0142881 
4'$735343]100143210 
1873370711001435407, 
3'8732071]100143871 33 

987304 100144202[33) 
9'872$7971[1000144533 * 


10·59 2223485218042 


1059079328 5247 140 


g 


2 


10*5$93680[8'5276139 


94111059 4739 to 5888941]8'5285784 
$719:4115793]t7 3410-5884207[85295417 
$394120522]7-* ro-5879478[8-5305040 


Jro-5874755[8-5314652 


441299627 *7]10-5870038[8'5324253 


_| Coline Diff Secant | Cover. | Cot 


[105806126 
5139} 10-5800987 
* 33110579585 
1791103795725 
5123]10+5785602 
; 10*5780485 


10.824288 


10˙5724531 
10-8719473 


ang Tang. Verſedſ. 


9*8727159|10-0144865 
9'8725521]t0*0145197 
g'8723883]10'0145529 
9'8722243]100145862 - > 
3'8720604[10-0146195]22 
9'8718963]10-0146529 334 
9'$71732 3]10*0146862 
1090147197 


9'8710755]100148202 
9'8709112]10*01485 38 


3 


9 870088 ioo 502 
9*8699243]10-0150562 


5'8741881]10-0141894]3**19:9858 106 
10*584743019*574024$]10-014222 
410-5842248 


— 


1 D DDr 
«23 


+3 


ww ©» ww uw 


335 
oſec. [D. Sine 


* Peg. NaTuRaL SIN BS, &c. Tab. 10 
7 Sine Diff Corerſf. Colec. Lang. Ootang. 5 


28881908 _þ74118103"8637033 . 
8 


ö 112 59 1000 8 74090093859 5135]268201003˙7277131 gd 
2259387085 1496rgo{3'853 533321268572813*723384711-035437810342 2491/54 
| 596619 8 738108511622 2688847[3˙7 1906580355 187034300 785 
44 599428 *** 74005 7213"5470006tz69 1967]3*7147561[1035 5995034376072; 
5f26022 37], 2-217397763[3'842348312695087[3-7104558|1-0356809[03445 16] 757 
| 612605045 8081224222 242598207 J3· 7061648035762 1345274 558 
|:607853 280 #7 39214713'$345713]2 791 325(3*7018830/1*035843519346032 
2610662 28 27389338 3˙8 3044672704449 ]3 6976104103 592490346791 2 96 
2613459/85½07386531/3·823373U7 7571036933469 /1· 30650 345310769 
102616277 2805 738372 3j3"8222251}2710694]3*6890927ſr-036088 100348311 762 
12619085 271381703˙5848475 1.036 16990349073 * 
12621892 | 2716940[3*6806115|t-0362517[9349835 763 543] 
17362499 g _[7375301}3 809961052 720064]|3*6763545[1*036333719359598}, ,* 19549402 
I 262750612597 7 3724941305891 — 3672166503641 57351362 764 9648638 * 
142630312 $06 73690883 8018 3011272631 3[3:6679575[110364979[0352127 * 964787314 
161263311 e. 7 366882] 3-7977782[2729438[3:6637575|1*0365801[0352892|/ 219647 108 44 
1702635925 8 '[736407513"79373522732564[3*6595065[1-0366625]0353659] 7719646 341[43 
1812635730 * 1220 3*789701112735690|3-6553844/t1036744910354426 "6819945574 2 
192641536}, > ,17355464[3"78 56760273881 713"651211111-036827510355194|., 19644506]z1 
200264434 0.17 355058|3*7816596[2741945|3*6470467|t*036910110355963 769[9944937[4- 
2112647147 280 73528531[3'7776522[274507213*642891111*0369929[0356732 771 
226499 520 2173590481377 365 35[274320113*63$7444[1*0370757[0357593].5 119642497138 
23]2652737],0 25 347243[3:7696530[2751330[3:6346064|1*03715870358274 7720954172657 
280% eee eee eee 
252658366 7341634]3˙76 7 t00]275 7589136263 5001037324903 59819 774 96401S1]35| 


2612661170 2 733883013*75774521276071913"022244711'037408210360593].- 19939407134} 
2245639730805 | 


280,17 336027]3"753791112763850[3'618141511-0374915036t367 77553863353 
$17333223|3'7498447]2766981]3*6140469]1-0375750[362142 777 
4330419037459 0827701130399 ·o 376585362919 276 96370811031 
2[732761613-74197751277324503-505583 5111037742236 36951. 2812239305139 
7324813]3"7380565[2776373|3"501814611-0378260[0364473]., 19935527129 
732201113*7341446j277951213*597754311*0379098[0365252 - 919634748125 
317 319208[3*7302409]2 78264613*593702411*037993510356031]. 2 19633969]27 
7316406\3*726345712785780[3*5396590[1'03807791035681 1], 19633189126 
1313604}3*7224589|27889151|3*5856241]1-0381621[0357592 782 96324052 
(2310802 3*7185305]2792050[3'5815975[11038246310358374 783 963162624 
[7 39500013*7147 10512795 18613'5775794]1*0383307[9309157 18312239343] 3] 
7305 1990371084892 798 322[3*5735696[1:035415210369940 785 96 300 b 
f 730 Z 398030699 5628014 590356956811: 0 3849980370725 785 96292751 
[129959713*70315061280459713*5655749]1038584410371510| 719625490120 
= 7296796|3*6993139]2807735|3*5615900|[1'0386692[0372296]* 19627704(19 
7293996/3"6954854]2810873[3:5576133]10337541[0373083[-g-19926917 
55 72911953˙69 1665228 1401203˙55 3644900 3883910373870 788 9026130 
[7258395 3*6878532ſ2817152[3'5496846]1*038924210374658}, 19925342 
97285 596/3-6840493]2820292[3-545732 5110390094037 5448]; . 13624552 
7282 796\3*6802 53612832 3432|3*541788611-0390947]93762 38 290 9623762 
917279997|3-6764660[282657313*5378525|10391 377028 202 9622972 
917277198[36726865[2829715|3*5339251[1*0392655}0377820 ” 962218cſ12 


©17274399|3"66891 5112832857135 300054[1*0393511j0378613 7037367 
7271600|3*6651518[2835999 103943683794, 19620594 


$17268802|3-661396 283914313" 380200 — 9619800 
5660030 3˙6 57849 7842286]; 7859957519005 
(7263206[3*6539097]234543013" 0381790]. 19618210 
"0172 60408[3*6501 78312848575 382 587 797 9617413 
7257010036464 54828572003 383384 798 9616616 
2543173136427 392128 54866}3* 1*03995 3210384182 72256755 
252016134639031542858012}3" 384981 300061501 
124921943*6353316128611 5913" r-040126110385 781], 196142199 2 


24642 303631639 58864306 1*0402 1270386 582 11961341 


124362613"6279553[2867454[3'45 410387383] [9612617 
VohnefDIAYV erfſ; 4 Secant [Cotan. er D.] Sine 


— — 


Dit Colec. 


Las. vines, &c. 


Veriedſ. 


ang. 


Cotang, | Covert. | Secant 


*ro*58465 32/8*537209 


105870038|8-5324253 
to-586532608•5333 

10586061918 5343423 
ro*585 5918185352992 
t0*5$51222]8*5362551 


10*5341848[$-5351635 


94280525 

4285575 
94290621 
94295661 
94300697 
94305727 
94310753 


$950 
5046 
$040 
5036 
$030 
5026 


5O2C 


r0*5699303 


10· 569427395 
10*5639247j9'86 


g*3869265 35100151919 
100152260, 


339 


194162832 
54167506 


41053371 


8*5391161 
10583249415" 5490677 


94176837 
11194131495 
1194186143 


— 
14199795 


94172174 4 


Fro'5$1385215 5438633 
p 10*5809205[8- 5448096 


10-532 7526|8-5410182 
10*5823163]8* 5419676 
to- 818 gg 542960 


4073 


[974209330 


4195436 
#4195430], 
14204704{4 


7[10:579992718" 5466990 
6(19*5795296]5" 5476422 
Fa 10*579067 


10*5804564]3'5457 545 


85485843 


7418566 
101919223176 


1319421 395%, 


161105786050 $-5495253 


94315773 
94320789 
94325799 
94330804 
94335805 
94345791 
94350776 
94355757 
94360733 
9'4365704 
954370670) 


5016 
5010 
5005 
5001 


4995 


10*568422719* 
10*567921119* 


10*5674201 
10*5669196! 
10'5664195] 
10*5659200 


10˙01 52941 
10˙01 53283 
10˙0153625 
10˙01 53967 
10˙01 543 


10˙01 54653 


9868275 
9868110 
9867945 


4991 


4985 
4931 

976 
4971 
4960 


486 
901 


10*5654209] 
1056492244 
10*5644243! 
105639267 
10*5634296 
10*56293 30 


9867283 
9367118 
9866952 


10˙01 54996 
100155340 
10˙ 0155684 
10˙01 56029 
100156374 
10˙01 56719 


9867779 
9867614 
93674491 


10.578 143485504654 
10˙57 76824855 14 


14227780 


o- 222208˙5523423 


1119:42 32380 


10*576762005*5532793 


14239974 
94241 563 
9:4246147 
914250720 
14255299 
2994259867 
94430 


1054273541 


94265985) 


2[10*5717369 


*[rc-5708299 


10-5763026]8-5542152 
104575343713" 5551500 


94375631 
94380587 
94385538 
94390485 
94395426 
954400363 


4956 
4951 
4947 
4941 
4937 


10*5624369 
to*5619413 
205614462 
0.560951 5 
10· 5604574 
105599937 


98661 


9*8667872]10*0157065 
98666216610 157411 
986645 59100157758 
38662g02{100155105 
g*8659586|[10-01 58800 


100158452 


85570167 
85579485 
85588793 
8-5 593091 
$:5607379 


10574927 
10-5 744701 
1055740133 
19*5735570 
10573 1012 


10˙575 385 38556083919 4495295], 


94410222 
9415145 


94424975 
94429883 


94420062] 


4022 
12 


Jro*5584855 


I 9'$594705 
10553977 


105579938 


N20 


105575025 
10*5570117 


9865792 
98656269ʃ10˙01 59497 
98654609110 ·01 59846 
9863294 
9865128 


10015914 


100160195 
100160545 


9864962710 060895 


9˙9849438 
399 ˙9849095 


109 ˙984842⁰ 


2848847 
99844060 


99843526 


99843760 
99848081 
9984774" 
99847400 
99847059 
99846717 
99846375 
99846033 
998456 90[4: 


9*g545004 


99844316145 
99843971 


39843251 


"199842935 


959840352 
3499 · 9840503 


99839455 


99839105 


$-5616656 


105726459 
$-5625924 


10*5721911 


94434786 
94439685 


8563518 


10'571283118* 564442 


1057037725 566289 


94444579 
94449458 


$-5653666]9'4454352 


944592 32 


4399 
4 

4339 
438 


4380 
$75 


2410:5555421 


105505214 
to*5560315 


10*5550532 
10˙5545648 
10.884708 


9:5047966100161245 
9'86446411100161948 
9'8642978]10-0162299 
9'3641 3141100162652 
9*8639650j100163c04 


10*5699250[$*5672111194404107 
10569473 313-5681315 94468978 
1 10569022108 ˙56905 6 94473843 
105685714] 569970419:4478704 
2 
ro-56812121$'570888119*445 3561 
7 10:567671518*5718049 


94485413 


4871 
436 
4861 


694388151 


*[10:56632 54135745494 
[10-5654306]8' 5763741 


10567222 3185727207 
r0*5667736]55736355 


1056587771357 54622 
to- 56498 390857728 50 


94507774 
94512602 
94517427 


904 2600 
94498 10207 
9450294 


510•5526157 


eros 501898 
4 105492226 


5 10*5482573 


105535593 
I0*5531022 


10•5521296 
10˙5516439 


9˙86 36 320010537 ·0 
9˙86 3465 50014064 
9863298910 ˙ 0164418 
9•8631322ʃ10˙ 0164773 
986296 5 5100165128] 


10˙551 1587 


10*5 506740 
10*549706c 
105457398] 


9'8626319]10*0165839 
918624651]10*0166195 
9'8522981]10*01665 51 
9*38621312[100166908 
9*8619642110*0167265 


[49194354523 
50194359080 
$119 4363532 


to:5645377]3'5781950 
10-5640920]3'5791039 
10*5636468[3-5800119 


52,9:436798 
394372422 
425889 


10· 56 32020 08·5809189 


94381292 
9438571 
94390142 
9439456 
94398973 
94403381 


0 
A 


a 10*5618708[8-5336342 


t0*562757813'5818250 
105562 314118-5827301 


94522246 
94527061 
94531872 
9453667 
94541479 
9454627 


806 
8 801 
8159 


15477754 


190.5472939 
10*5468128 
10:5463322 
10·5458521 


LS 


410614281 


10*5605 


9445701 


9457496 


135 94551069 
584537407 
4423 1056098 5818+ 585439619" 
8.586 34099 
5 10˙560 1027185872412 
to- 559661908588 1406 


Cofine IDift | Secant | Covert. | Cotang. Biff] Tang. 


"0.119" 5444143 


105545372419" 


9*3617971]10%0167623 
g9'8616300ſ10'0167981 


9'8614628 10-0168339[355 


610-0168698 


9864630310 01615963 


9863798 100163357 3 


9:3862793711010165433] 


352] 


359 


360 g* 


35 


10˙5448931 
105439359 


10*5429506 
10*5425036 


9 
0 


9800793 10˙0169777 


9 8604588[10*0170499 
9.86029 241001708 
g9*8601237}t00171222 
9*8599560ftoror71s5 


9'8606262|ro*0170138[3 


362 


3620. 


2. 28385925 
565835043 
99836290 
9 
9 


9983522 
99834872 
5 99834517 
9834161 


9 


99838755 
9˙9838404 
99839052 


27 


Hg gs 37701]z6 


998373480 5 
24 
23 
22 
21 
2 © 
19 
18 
— 
17 
16 


9835936 
9835552 


Verſedſ.] Coſec. [D. 


| 


_NaTukraL Sinks, &c. 


oP ab. 70 


2809459 
2812251 


itt. Coveri. 


Coſec. 


Lang. 


Cotang. 


Secant 


Vert. [D. 


Conne 


[7243626 
7240830 
7238035 
7235239 
7232444 
7229648 
7226853 


36206101 


36132957 
3*6096501 
3*6060121 


36279553 
3˙6242788 


36169490 


2867454 
2870602 
2873751 
2876900 
2880050 
2883201 
2886352 


34574144 
34835890 
34797720 
34759632 
34721610 
34683676 
34545813 


10403863 


1*0405602 
10400473 


17210059 


7224059 
7221264 
7218470 
7215676 
7212882 


3*602 3818 


35951439 
35915363 
35879362 
3˙5843437 


3*5987590 


2889503 
2892655 
2895808 
2898961 
2902114 


34608026 
34570315 
3453279 
3495120 
34457635 
34420220 


1*04090 


10410845 
150411723 
10412601 
1-041 3481 


10402994 
10404732 


10407346 
10408219 


10409909 


387353 
0388185 
0388988 


2390597 
0391402 
0392208 


0393016 
0393523 
0394632 
9395442 
0390252 
2397003 


2792 


7207290 


7204503 
7201710 
7198917 
7196125 
7193333 


35807580 
35771810 
357361085 
35700481 
35664928 
3329445 


2905269 
2905423] 
2911578 
2914734 
2917890 
2921047 
2924205 


3*4382891 
34345631 
34305446 
34271334 
34234297 
34197333 


10414362 
10415243 


1041878 


10416126 
10417009 
10417894 


0397875 
398688 


0400316 


2389792]2© 


399504 


802 


5 


O 


805 


80 
08 


88 
* 


9612617160 
961181505 
961101215 
9610208[;7 
9609403 
9608598 
9607792 


IC 


0401131 
0401947 


2792 
2791 
2791 
2791 


2845731 
2848520 
2851308 
2854096 
2856884 
2859671 
2362458 


2873605 
2876391 
2879177 
2881963 
2884748 


td: 4 


2887533 


2880318 
2893103 


2898671 
2901455 
2904239 
2907022 
2909805 
2912588 
2915371 
2918153 
2920935 
2923717 


2565246], 
2868032 
2870819], 


2895887], 


2791 


2790 


7190541 
7187749 
7184958 
7182167 
7179376 
7176585 


35594042 


3552345 
358488263 
35453140 
35418107 


35558710 


2927363 
2930521 
2933680 
2936839 
2939999 
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5611060 
5608447 


35605834 


22811720 


22770987 
2*27 57445 


5603221 


5600608[2*2730415 


22743921 


2*279312 
2*278454614334.530 


4377326 
80927 


888133 
4891737 


4395343 
4398949 


Cotang. | Secant 
2*0303038|1-1126019 


20437910[1*1127599 


2*0472800[1*1129179 


2*0457708[1*11 30761 


204426 
20427578 
204 2 540 


11132345 
11133929 
11135516 


Veri. 


1012060 


1013335 
1014011 


1015888 


101166, 
1018445], 


1019724 


127 


559 


5590162 
5587552 
5584941 


7996[2*2716927 
5595385]2*2703457 
5592773690005 


22676571 
22663155 
22649756 


4902557 


4906166 
4909775 
4913386 


916997 
910610 


20397519 
10382517 
20367532 
20352565 
20337615 
20322683 


11137103 
11138692 
11140282 
11141874 
11143467 
11145052 


5582332 


5579722 
5577113 
5574504 
3571896 
5569288 


22636376 


4024224 
3 


6357769 


2*2623012 


4927838 


4531454 


22609667 
2˙2596339 
2˙2 583029 
2*2569736 


935071 
938698 


942308 


11146658 


2-0292873]1*1145255 


202779 


11149854 


2*026313311*1151454 
2+0248289|1*1153056 
2*023346211*1154659 


615553860 


5566681 


5564073 
5561466 


5556254 


2˙25035 3649604 


114490591 


|; 


5522409 


5553648 


2˙25 5646164945928 
225432 949549 
2˙2 5299644953171 
22516741 950794 

I 


2:2490343[490404 3 


2*0189088 
20174331 


2*0159592 
2*0144369 


2*0218654[1*1156263 
2*0203862[1*1157869 


11159476 
11161054 
1162694 
11164306 


102 1004 
1022285 
1023567 
1024849 
1026132 
1027416 


1028701 
1029986 
1031273 
1032560 
1033347 
1035136 


1036425 
1037715 
193900b 
1040297 
1041539 
1042382 


1282 
1282 
1283 
128 

1285 


128 

1287 
1287 
1287 
1289 
1289 
1290 
1291 
1291 
1292 
1293 
1294 


5551043 
5548438 
5545833 
5543229 


5540625 
5538022 


2*247717814967669 
2*246402 514971297 
2'245088914974925 


| 


2243777 
2242466 
22411585 


5535419 
532816 


$302 14 
527612 
5525010 


74308577 
2˙238 5468 
22372435 
22359419 
2*2 34642 

22333438 


978554 
982185 


4985816 
4989449 


993082 
996717 
5000352 
5003989 
5007627 


5519808 
5517208 
5514608 
55 12008 
5509409 


22320474 
2*2307526 
2*2294595 
22281681 
2-2268783 


5506810 


22255903 


449 3190! 
— 


5011266 
50 14906 
5018547 
5022189 
502 5832 
5029476 


20139164 
20115477 
20100806 
20086153 
20071516 
20056897 


11165919 
1167533 
1169148 
11170766 
11172384 
11124004 


1044176 
1045471 
1046766 
1048062 
1049359 
1050656 


20042295 
200277 10 
20013142 
19998 890 
199840 56 
1.9969 530 
19955038 
1994055 

19926087 
19911637 
19897204 
19882787 


11175625 
11177248 
11178872 
1180498 
1182124 
183253 
11185383 
11187014 
11188647 
11190281 
11191916 
11193553 


259 
534521753 
544524347ʃ-55 


5$50421112*224303 
5501613[2*2230192 
5499016[2*2217362 
54964180 · 
5493821 
5491225 


2*2178971 


5033121 
5036768 


5040415 


5051363 


[19810952 


1*9868 387 
19854003 
19839636 
1*9825286 


1*9796635 


11195191 
11196831 
11198472 
1200115 
11201759 
11203405 


1051955 
1053254 
1054554 
1955354 
1057156 


1058458 


1059760 
1061064 
1062368 
1063674 
1064979 
1066286 


1067594 


1068902 
1070211 
1071520 
1072831 
1074142 


54886280 22166208 


5486033215346 
5483437221407 


515480842122 128016 


5478247]2*2115318 
$47565312*2102637 


5055015 
5058668 
5062322 
506 5977 
5069633 
5073290 


19782334 
19768050 
19753782 
19739531 
19725296 
19711077 


11205051 
11206700 
1*1208350 
I*1210001 
I*I211653 
11213308 


2594 
5514526941 
34455333 2594 
571453212817 595 
[55/453472! 7 — 
$914537313[,25, 
4539905 1-99? 


547395912*2089972 
$4704651[2*2077323 
5467872|2*2064691 
5465279|2*2052075 
546268712+2039476 
5460095|2*2026893 


5076948 
5080607 


5084267 
5087929 


5095275 


19696874 
19682688 


11214963 
11216620 


1.9668 518011218278 
196 5436411219938 
5091591964022 [t 1221600 
r*-9626105|1*1223262 


107545 


1076766 
1078080 
1079394 


1080709 
108202 5 


1083341 
1084658 
1085976 
1087295 
1088615 


1089935 


8967440 


128108978990 


3977715 
3976433 
8975151 
3973868 
22 8 
3971299 
3970014 
3968727 


8966153 
3964864 


8962285 
5960994 
3959703 
8958411 


— 


18963575 


$957118]: 


1295 
1295 
1296 
1297 
1297 
1299 


3955824 
3954529 
8953234 
8951938 
8950641 


5949344130 


1299 
1300 
1390 
302 
1302 
1302 


1304 
1304 
1306 
1305 
1307 
1308 
1308 
1309 
1309 
1311 
1311 
1312 
1312 
1314 
1314 


1315 
1316 


| 


[1316 —̃ͤä — 


8948045 
8946746 
$945446 
$944146 
39428 

8941542 
$940240 
938936 
8937632 
8936326 
8935021 
8933214 
3932406 
8931098 
8929789 
3928480 
3927169 
89288 58 


1317 
1318 


Cofine Diff 


Verſ. 


Secant 


Cotan. 


Tang. | Coſec. 


*** 


Deg. 
Sine 
5 


6421009 


564235965 
96426182 


r ct ame. 


Log, Sturs, &c. 


Ji) 


6413420], 


019+6469844 


4 
9650539; 
59 ˙6 5079202 
59 ˙65 10444 
996512966 
$1965 15456 
1196518004 
[96520521 


— 


11964442 26 5 
96445796], 


11916451931 


6196457058 
$19*6459619 


19653 


196560536 
9˙6 56 3021 * 
96565505 


166428765 


76431347 


95435504 


9 6439050 


96441554 


96449365 


96454496 


9 ˙6402178 


196454735], 


96467290 


96472395 


96474945 |* 


96477492 
96480038 
96482532 
96485124 


96487665 |* 


90490203 
96492740 
96495274 
96497507 
9'6500338 
96502868 


96523035 


96528059 
9˙65 30568 
96533075 


: 


9'653 


96548081 
96550575 


916555048 


— 


152 


96567987 
96570468 


2 
16433929}, 


96525545}, 


5$1|* 
o84 |* 
$19*6540586 
190543056] 
90545554 


965 5 3068 - 
90555559 


*[19*3545504 


10*3535265 
— . 


[1053444441 


21193434495 


Coſec. 
10˙358 1580 
10*3578991 
10*3576404 
10 3573815 
10˙3571235 
10˙3 568653 
10· 3566074 
103563496 
10·3 560920 
10·3558346 
103555774 
103553204 
103550635 


10*3548069 


10*3542942 
10*3540351 
19*3537822 


10*3532710 
10*3530156 
10*3527605 
10"3525055 
10*3522508 
to- 3519962 


10·3517418 
10˙35 14876 
10˙1512335 
10*3509797 
103507260 
10*+3504726 


10˙3502193 
10: 3499662 
10* 3497132 
10*3494605 
10*3492080 


10*3459556 


10*3487034 
103454514 
10-348 1996 
10˙3479479 
103476965 
10*3474452| 
103471941 
10'3469432 
10˙346692 5 
10*3464419 
10*3461916 
10*3459414 


Verſedſ. 


Tang. 


9˙0⁰ 52061 
90057531 
90062997 
90068460 
9007392 

90079375 
90084827 


90090276 
99895721 
90101162 
901066 
955112034 
90117465 


Ditt- 


Cotang. 


96881818 
9688 5023 
96888227 
96891430 
96894631 
96897831 
96901030 


9*6904226 
9*6907422 
96910616 
96913809 
969170 


205 


3196 


96920189 2 


90122892 
90128315 
90133735 
970139151 
90144564 
28149273 


90923375 
96926565 
9'6929750 
96932934 
96936117 


9˙69 39298 


0155378 
90160781 
50166179 
9 
90176965 
2152353 
99187738 
901931 19 
90198496 
90203570 
90209240 
9˙02 14607 


955942478 
956945656 
96948833 
9595 2009 
90955183 


96961527 
96964697 


96971032 


96958355 


9»696786 503 


9.69 7419803 
96977393 3 


90219970 
90225330 
90230687 
99236039 
90241389 
90246735 


9:6980526 
9*698 3687 
9'6980847 
9*6990006 
9*6993164 
96996320 


9*0252077 
9*92 57416 
90262752 
90268084 
99273412 
95278738 


5 


95999474 
7002628 
7005780 
9*7005930 
970120830 
22918227 


90284059 
90289378 
9 0294692 
90300004 
90303312 
90310616 


97015374 
97021519 
97024663 
97027805 
9*7030946 
97034086 


103456914 
103454416 
10*3451919 
10*3449425 
10*3440932 


10*3441952 
103439404 
10*3436979 


955315917 
90321215 
g*0326509 
950331800 
90337088 
90342 372 


9*7037225 
9*7040362 
97043497 
97046632 
97049765 
97052897 


90347652 
90352930 


97056027 
97059186 


90358204 


10*+3432013 
10"3429532 


9:036874119:7068535 


Cofine 


9*0374005[9*7071659 
Secant | Coverſ. | Cotang. 
a — ö 


97062284 
90363474006 541⁰ 


3204 
3293 
3201 
3200 


3199 


3190] 


- ro*3086191 


to- zoo 


7119-384344 


10.341645 
10· 3038473 


5 110•v032135 
10· 3028968 


10˙ 3022637 


103016313 


10. 30068 36 
10+3<03680 


10*2984773 


j| 102972195 
p 10*2969054 
10*2965914 


Tang. 


r0*3118182 
1043114977 
to- 3111773 
10*3108570 
r10*3105369 
to- 3102169 
to · 3098970 


Coverl. | 
9*7494494| 
9*7492472 
9*7490449 
97488426 
9 7486402 
97484377 
97482352 


Secant 


100463399 
10*046401 5 


1000466485] 6: 
1090467193), 


10*3995774 
10*3092 578 
10· 3089384 


to: 308 3000 
10:3079811 
I0*3076622 
10*3073435 
10*3070250 
10*+3067066 
10:3063883 


10*3057522 


10*3051167 
10*3047991 
103044517 


r0*3035303 


10*302 5802 


97441707 


9 


97480326 
97478299 
97476272 
9747424 
97472216 
97470186 
97468156 
97466126 
97464095 
97462063 
9*7460030 
97457997 
97455963 
97453928 
97451893 
97449857 
9747821 
9*7445784 


9*7443746 


97439668 
7437628 
97435588 
97433547 


100470825 
1090471447, 
100472069 
100472692 
1090473315 
1002473939 
190474563 
1000475187 
100475512 
1000476438 
100477064 
10%0477690 
1000478317 
100478945 
100479572 
100480201 
to*0480829 
100481459 
1000482088 


1040467722 6 
100468342 
10*0468962 
10904695532 
19*0470203|g 


10*3019474 


10*3013153 
10*3009994 


10*3000526 
10*2997372 
10*2994220 
10*2991070 
102987920 


10·298 1626 
10˙2978481 
10˙2975337 


102962775 
10· 2959638 
10*2956503 
10·2953368 
10˙29 50235 
10*2947103 
102943973 
10· 2940844 
10·2937716 
10*2934590 
10˙2931465 
10 · 2928341 


97431505 
97427419 
97425375 


97423331 
97421286 


9 


97404901 


9:7 396692 
9*7394638 


2 


97429462 


97419245 

7417193 
9741514 
97413099 
9*7411050 
9:7429001| 


9*7400g51 


9*7402350 
9*7400798 
97398745 


97392584 
9*7 390529 
97388473 
97386416 
7384359 


100482718 
1000433349 
100048 39%0 
100484611 
1004585243 
10*048 5876 


10*0490315[g26 
1070490951 


102493522639 
10494739638 
199494777640 
100495417 


1994973371641 


1 


638 


639 
641 
640 


97382301 
97380243 
— 
97376124 
97374063 
9*7 372002 
Verſedſ. | 


100497978 


. | Coune 


6199535985 
g199535369 


* 
80 


$9 
53 


37 


9*95 36602 


99534751 


99534134 
99533515 
99532897 
99532278 
99531658 
99531038, 
99530418 
99529797 
99528553 
99527931 
9'9527308 
99526685 
99526061 
99525437 
99524813 
99524188 
99523562 
99522936 
99522310 
99521683 
9952105 
9195952042 
99519799 
99519171 
9199518547 
99517912 
99517282 
99516651 
11 9'9516020 
99515339 
3 99514757 
9*9514124 
99513498 
4 99512858 
99512224 
99511590 
99510956 
99510320 


99509685 
99509049 
99508412 
9*9507775 
99507138 
99506500 
99505861 
99505223 
99504583 
99503944 
99503303 
99502663 
9*9502022 
99501380 
99500738 
9*9500095 
99499452 
99493809} © 


Sine 


56 
$5 
34 


53 
52 
51 
50 
49 
48 


43 
— 
41 
40 
39 
38 
37} 
39 
35 
34 
331 
32 
31 
30 
2 

15 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 | 
IT 
10 


Js — 


9 
$ 
7 
6 
5 
4 


A— —— 


27 Deg. _ NATURAL SINEs, &c. Tab. 1 
Sine e [Dif.|Corerſ, Coſec. | Tang. | Cotang. | Secant | Verſ. Diff. Coline} - 
ä — — — . 13 — 1 — 
| 014539995], c,, 5750095 22026893509 525419626105 11223262 1089935 1321 "= [8910065 
| 114542497 2592| 5457503 |2'2014326|509891911-9612000/1-1224927|1091256| 2, [8908744 

214545088] 2597] 5454912|2*2001775|5102585|1:9597910| 1:1226592|1092577|,2, [5907423 


4547679 Tous 545232102·19892405 1062521 958 383711228259 1093900 1323 8906 100 
414550269] 2599 5449731[211976721|5109919] 19569780] 111229928 1095223] 2. 118904777 
4552859] 75995447 141[2:1964219|5113588] 19555739 | 112315981 1096547] 1325093453 
599 544455112-1951733[5117259[1:9541713|1:1233269|1097872| 2.218902 128 
455838 ,<g |5441962|2"1939262[5120930|1'9527704|1'1234942[ 10991971, .,, 8900803 
4560627 ** 5439373|2*1926808|5124602|1*9513711 1*12 36616]1100524 1327 8899476 
4563216 2588 5436784|2-1914370|5128275|119499733]1'1238292|1101851 1327 8898149 
4565804 753321 5434196[2-19019475131950|1:9485772|1:12399691103178| 1, 13396822 
4568392 * 5431608|2-1889541|51356251[119471826|1-1241648| 1104507 1329 8895493 
4570979 2557205429021 2 13771 50 5139302 r9457896|1*1243328|1105836 1330 8894164 
45735660. 85 54264342•1864775[51429801˙944398 1012450100110 2166 1331 8892834 
1414576153 527|5423847|2:1852417|5146658|1:9430083|1:1246693| 1108497 1332 8891503 
1514578739 : 86 5421261|2-1840074|5150338| 1:9416200| 11248377] 1109529 1332 8890171 
1614531325 — 5418675 2:1827746|5154019| 149402333} 1*1250063|1111161 1333 8888839 
174583910 1888 5416090{2"1315435|5157702|149385481|1'1251750{11124 1334 8887506 
184586490 * 5413504|21803139|5161385|1*9374645|1'1253439 111382 $334| 2086278 $886172 42 
19 4589080 34149920 2·17908 59 5165069 1˙9360825[1˙1255130 1115162 1335 8884338 
1904591665 2585 5408335|2*1778595|5163755[1:9347020|[1'1256821[1116497| > 8883503 
2114594243 1585 5405752|2*1966345|5172441]1*9333231]1*1258514 1117834 1336 88821663 
22 4596832 7587 5403168|2*1754113|5176129|1'9319457|1'1260209|1119170 1338 8880830 
{= ;/459941 51 *5,3|5400585|2*1 741895[5179818| 19305699] 111261905 1120508! 7 1g 18379492 
244501995 2882 5398002|2*1729593|5133508|1:9291556 1-1263603|1121846 1339 887 82815436 
Te 4504580 Gy 5395420|2*1717506|5187199]19278228|1*1265302|1123185 1340 8876815 
20 4507162 58 5392838|2-1705335|519089111-9264516|4-1267003|1124525 1341 8875475 
"ge 4609744 587 53902 5602˙169318005194584 19250819 1-1268705j1125866 1341 $874134 
2814512325] "|5387675|2:1681040[5198278|1'9237138}1'1270408|1127207 1342 8872793 
2914514906] 2g [5335094|2'1668915|5201974[1'9223472|1 
30 4517486122 882-14 21656805 520567192098 21ʃ1˙1 2738191129892 
31|4520066 5379934, 2*1644712|5209368|1-9196186|t-1275527|1131235|p 4. 2867425 
43204622646 $377354|2-1632633|52130671-9182565|1-1277237|1132580| = 1-[5867420 
435304625225 $374775|2162057c|5216767|1-9168960[1-1278948[1133925|,2.- $866075 
344527804 572 537219521608 5225220468 191553701 280660135270 1347 8864730 
35 4630382 575 536961802˙1596489052241700(•9141795/11282324/¼1136617 1347 8863383 
[= 46329602 5367040! 2-1584471|5227874|! "91282 36|1-1284089 1137964 1348 8887 24 
2145 $| © _|5394462|2"1572469|5231578|1'9114691 128 580601139312 0688 
4215 2261885 2*1560482|5235284|1:9101162|[1*1287524|1140661 — 8859339 
2893447420113 8857989 
1290965114336 — 58 56639 


| aw 
+ 
a) 
un 
Un 
2 


— —— 
- 0 0-21 


* 


— 
v9. 


1272113|1128549 1343 — 
1343| = 


3643877587 
59 4645692 11. 53593082˙1548 510 52389901908 7647 
14 443269. 8765355731/2.15365530524209801.9 74147 
44114645845 3/"15354155|2*1524011|5246407| 19060663 


-129268711144712|, 22, [5855288 
42 4645440 2778/8 e 228 22 1196064] (22, 8936 


I 
I 
I 
I 
I 
I 
43 45% 5549064 7158077: 5253829 19033738 . 11474160354 8852584 
I 
I 
I 
I 
I 


11575] $346429|2:1488875\ 52 111.9020299 [111297864 11148770 8851230 
14453571 8346429 75\5257541]1:9020299|1'1297504 I 3 
454559145 a3 7*\5343855|2"1476993|5261255|1-9006874|1-129959311150124 1354 18285 4. 
46, 14558719] 2574 5341281|2:1465127|5264969|1*8993464|11301323 115t478 1356 TH 766 
47 46012930 7574] 5338707[2"1453275|5268685|1*8980068]1*1303055 1152834 1356 44. 
484663860 *51315336134 21441438 527240211 8966688 1304788115490 13578 
4555439 5333561|2*1429615 5276120 1'8953322[1'1306522|1155547 44453 
= 4669012 | 25731 5330988|2-1417808|52798 39] 1'58939971]1*: 308258 1156905 1 8843095 
514671584 287 5328416|2*1406015|5283560|1-8926635|1*1 309996 1158264 1359 $841736 
[<214574156| 7575 |5325844/2'1394238[52872811-8913313011131 17351159623 138008840377 
5314676727 775 53232730 21382475 5291004 f. 8911313475 1160983 1361 — 
54 4679298 5320702 |2*1370726 5294727}! 888672131 1315217|1162 344 1361 == 5 
5818090 |5318131|2"1358993 5298452 1-8873436]1-1316961|1163705|, 6 39295 
38 684439 2579531 85512˙1347274 530217801 8860172 1-1318706{1165067 136 *18834933 
|:-[4587009] 57215312991 [2:1335570[5305906|1-8846924/1*1320452 1166431], x36 - 8833569 
[-814689578|;5,9|5310422 2.734388 5309634/1.8833691.1322200ʃ(167794/1365 8832206 
2914692147509 (5307853/2:1312205] 5313364] 1:8820470]111323950} 1169159] , 167 [3330047 
014694716 |*5*9| 5305284 [2:1300545| 5317094] 18807265 1-1325701]1760524] ? 5 8829476 


Coſine Diff] Verſ. | Secant | Cotan. Tang. Dolec. Toverf Biff Sir Sine 
pag ; Deg» 62 * 


„„ 


K 


Loc. Sixzs, &c. 


(393. 


Coſec. Verſedf. 


Tang. Diff Cotang. 


1110 3419629 
(193417158 


oy 10*3402 367 


10*3429532 
10-3427054 
103424577 
10 3422102 


10*3414688 
10*3412220 
193499754 


1053404827 


10*3 399907 


10*3397450 
10˙3394995 
I0*3392541 
o- 3390089 
10˙1387639 
10-338 590 


10*3352743 


10*3377855 
10 3375414 
103372974 
103370536 
10*3368100 
L0*3365665 
03363232 
to- 3360801 
103358372 
0335594 


10*3353518 
r0*3351094 


103346251 
10˙3343832 
10.334414 
10·3338999 


10*3334172 
10*3331762 
10*3329353 
10*3326946 


90374005 
9*0379265 
90384522 
95389776 
9039506 
9 9400273 
20425517 
90410757 
90415994 
107340729009 
950426458 
90431685 
199435905 
9*0442129 
90447345 
90452559 
90457769 
90462996 
90468 180 
90473380 
10˙3380298 9 
90483771 
90488962 
9 0494149 
20422333 
90504514 
9*0509691 
910514865 
90520036 
90525204 
2880368 
90535529 
90540687 
10*33436711[9 
90558993 
9055614109 
9˙0561286 
10˙333658 509 
90576701 
95058183309 
90586962 
90692088 


9*7081022 
97084141 ; 
9*7087258 


97096601 


97112148 
97115254 
97118358 
97121461 
97124562 
97127662 
97130761 
97133859 
97136956 
97140051 
an — to:28 5685 597324408 
97146237 to'285376319*7322331 
9*714932 Io'285067119*7 320252 
99132419 33"]r0-2847581|9*7318174 
9*7155508 _ 10*2844492[9*7 316094 
97158595 3 87 10284140509 ˙7314014 

8 1o· 28383189 ˙7311933 


97161682 
97164767 — 10· 283523309 ˙73098 52 


97170933 


97177094 


10˙3324541 
10˙3322137 
10˙3319735 
10*3317335 
10*3314936 
103312539 
10˙331014 
10*3307750 
10˙3305358 
10-3 302968 
10· 3 300580 
10*3298193 
10*3295808 
10*3293424 
10˙3291042 
10*3288662 
10· 3286284 

10· 3283907 
Secant 


90597210 
90602329 
90607445 
90612558 
90677668 
9622774 
90627877 
90632977 
90638074 
90643168 
90648258 
2653345 
90658430 
90663511 
90668 589 
90673663 
90678735 
9˙068 20683803 


97247595 


97077659 12211 2925341 9737200 
9 794812121 292521909˙7369940 
707793 102922098} 9*7 367878 
9 192779021212 
10:2918978[ 97365314 
2112010•29768399·73637 
10˙291274209˙73616 


Secant 


75507191 
100501835 


Coline 
6444 9493809] 50 
445.9498765 59 


9*7090374| 311 10*2909626 9*7359621 
9709 3488 10*290651219*73575 

3""3110-2903399[9-7355 
9709971312. 119290028719 
97102824137 "[10-2897176|97351353 
97105933] 37 02110:2894067|9-7349254 
97109041 — — 2390959 97 347215 
971111 102887852[9*7 345145 
g 10· 28847469 7343974 
3104 10-288 164209 ˙7 341003 
10˙2878539 097338931 
10˙287543809˙7336858 


IJio- 286304419 


10*287233819 7334785 


I0*236923919*7332711 
3998| 10-2866141|9*7330636 


3"95110'2859949 97326633 


7167851 10˙28 32149 9˙7307769 
——.— — — 97305686 
9717914 — 10'232 5986097303603 
7 10·28 2290697301519 
21801730 3 97310. 28198279˙7299434 
9-718328103 . 102816749 9˙7297348 
FROM 3075 10*2813673[9*7295262 
7189402 
99122476 924110˙2807524 97291087 
Mae * 54 35710284451 97288999 
97198620 
97201690 3069.228319 2228482 
9*7204759| 068,10 2795241|9*7252729 
97207827 3066702792173 97280638 
97210893 
97213958 
97217022 
9722008 5 


1028013809 


to 27891079 


107277379319 


3065 10˙27860429˙7276454 
10˙2782978[9˙7274361 
10277991 5 9*7272267| 


97223147 30600177853 97270172 
97226207 
97229266 10˙ 27707349 
97232324 5 10·• 27676769 
97235381 55 10*2764619 7 
9*72 38436 — 10· 27615640972 59689 
97241490 10·˙2758 5109 
95244345 7 702738457 97285692 
395?110-2752405|97253391 
9˙72 S045 35 0274935409 
9:7253695|34910-2746305, 977249189 
9:7256744|3*4910:27432 561 9:7247087 


. |Corang. [Diff] Tang. Verledf. 


1000502479|, 199497521] 58 
10*0503124|g 519 9496876|57 
0/10*0503770 99490220 56 
100504415 [6,519 94955 : 55 
100505062 |; 15199494935 [54 
5| 100505708 - 99494292 9494292053 
to: 5355 64609˙9493645 52 
1005070031648]? 9492997 |51 
1005076511 ,,1,19 9492 349| 50 
t9*0508300 9949170049 
100508949 |; 199491051 45 
1005095983 | g$g[9 9490492 [47 
100510248 9948975246 
to'0510899] 621199489 101045 
to- os115 50 9948845044 
100512201 959487799 43 
Io'o512853 99487147 42 
lo*O5F3505 99486495 [41 
100514158|g-219 9455342 [40 
100514811 99485 189/39 
t0*0515465|g- 419 948453535 
100516119 99483881137 
100516773 9948322736 
100517428 99452572 |35 
Io'o518084 9948191634 
100518740 9948 1260033 
1000519396] g; 9 9480604 32 
100520053 99679947131 
100520714 99479289 30 
IO'O521369 65 99478631 [29 
100522027 |g-19 9477973128 
1090522686| 0019 9477314127 
10910523345 9947665526 
100524005 75995125 
100524665 | 66119 9475335124 
1000525326] 6119 9474974123 
I0*952 5987 9947401322 
t0*0526648 99473352 [21 
10˙052731 99472689 "= 
10'0527973 9947202719 
10·o528636 99471364 13 . 
100529300 9947070017 
100529964 9947003616 
1o· op 30628 5 99469372|15 
10˙0531293 9946870714 
10· 05319586629 ˙9458042 13] 
10˙0532624 9946737612 
10· 0533290 994607101 
100533957 994660431 10 
1090534624 | 42199495376] 9 
100535292 $19 9464708 8 
10˙0 53 5960 9 94640400 7 
10*0536629 9199493371 L 
100537298 19 9452702 5 
10*0537968] © 199492032} 4 
1005358635], 99461362 3 
100539308], 99460692 2 
100539979} g,,(9 9460021] 1 
10-0530651} * 199459349! © 
"Tolec. Coſec. Sine |* 


Deg. 62 


© 60a | 60 Þ wo 8 — 4 FC | 


ä 


46 
474514987 
484817837 
794826086 


7 


NaTuRAL SixxEs, 


&c. 


4797553 


4712685 
4715250 
4717815 
4720380 
— 
7 

472550 

4728071 
4739634 
4733197 
4735759 
738321 
4740882 


4743443 
4746004 
4748564 


4753683 
4756242 


4761359 
4763 917 
4766474 
4769031 


4771588 


4774144 
4776700 
4779255 
4781810 
4784363 
4786919 
4789472 
4792026 
4794579 
4797131 
4799653 
4802235 
4804786 
4807337 
43809888 
48712438 


4822634 
4825182 
4827730 
433c277 


4835370 
4837916 
- [4540462 


4845552 
4848096 


4710119 


47511240 


4755801 


4832824 


4543007 


| Coline [Diff 


Coverſ. 


5395284 
5302716 
5300145 
5297581 
5295014 
5292447 
5289881 
5287315 
528475 

5282185 
5279620 
5277056 


5274492 


5271929 
5269366 
5266803 
5264241 
5261679 


5259118 


5256557 
5253996 
5251436 
5248876 


5246317 


5243758 
5241199 
5238641 
5236083 
5233526 
5230969 


5228412 


5225850 
522330 
5220745 
5218190 
5215636 


5213081 


5210528 
5207974 
5205421 
5202869 
5200317 


EE 
5195214 


5192663 
5190112 
5187562 
5185013 
5182463 
5179914 
5177366 
5174818 
5172270 
5169723 


6 5167176 


Coſec. 


2*1300545 


2*1288899 
21277267 
21265651 
21254048 
21242460 


21230887 


21219328 
21207783 
21196253 
21184737 
21173235 


21161748 


21150274 
21138815 
21127371 
2*1115940 
2*1104523 


21093121 


21081733 
21070369 
21058998 
21047652 
21036320 
*[025002 


2 
* 
2· 1002408 
20991131 
20979869 
20968620 
20957385 
2*0946164 
22934957 


20923764 


20912584 
2*0901418 
20890265 
20879127 
20868002 
208 56890 
20845792 
20834708 
20823637 
20812580 
20801536 
20790 506 
20779489 
20768486 


2-0757496 


20746519 
20735556 
20724006 
20713670 
20702746 
20691836 


1013698! 


| Tang, 


$317094 
5320826 
5324559 
5328293 
5332029 
5335765 


5330 


5343242 
5346981 
5350723 
5354405 
5358208 
5321953 
5365699 
5369446 
5373194 
5375943 
5350694 
52384445 


5388198 


5391952 
5395707 
5399464 
5403221 


5406980 


5410740 
5414501 
5418263 
5422027 
5425791 
5429557 
5433324 
5437092 
5440862 
54445 32 
5445404 
5452177 


$455951 
$459727 
5463503 
5467281 
5471060 
5474540 
5478021 
5432404 
5486188 
5439973 
5493759 


5497 547 


$502 335 
5505125 
5508916 
5512708 
5516502 
8820297 


5164630 
5162054 
5159538 
5156993 
5154448 


2-0680940 
2*0670056 
20659186 
2-0648328 
2-06 37484 


1312 868835 


5524093 
5527890 
5531688 
5535485 
5539258 
5533091 


Cotang. 


decant 


Verſ. 


18807265 
13794074 
1*3780898 
1:8767736 
18754588 
18741455 
18728336 
18715231 
18702141 
1868906 5 
18676003 
1866295 5 
18649921 
18636902 
1-362 3896 
1:3610905 
18597928 
18584965 
1*8572015 


1'8559080| 


13546159 
18533252 
18520358 
1˙8 507479 
18494613 


1325701 
1327453 
1329207 
1330962 
1332719 
1334478 
1326238 


es 
1171890 
1173257 
I174624 
1175993 
1177362 
1178731 


1337999 
1339702 
1341527 


1345060 
1345829 


1180102 
1181473 
118284 

— 


1185591 
1186905 


*1 34560c 
*1350372 
*1352146 
*1353921 
1355697 

135747 
11359255 
11361036 
11362819 
11364603 
11366389 
11368176 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
11343293 
1 
1 
1 
1 
1 
1 
1 
1 


1188340 


1189716 
1191093 
1192470 
1193848 


1195226 
1196606 


1197986 
1199357 
1200749 
1202131 


1203514 


18481761 
1·8468923 
18456099 
18443289 
18430402 
18417709 
18404940 
1*8392184 
15379442 
1*8366713 
18353999 
18341297 


18328510 


18315936 
18303275 
18290628 
18277994 
18265344 
18252767 
18240173 
18227593 
1·821 5026 
18202473 
18189932 


1.817745 


18164892 
18152391 
18139904 
18127430 
1*8114969 
1'8102521 
1*8090086 
1*8077664 
1*80652 56 
1· 80 52860 
18040478 


Verſ. | Secant 


Cotan. 


Tang. 


11422 50% 


1369965 
1371755 
1373547 
1375341 
1377135 
1378932 


1204898 
1206283 
1207668 
1209054 
1210441 
1211829 


I 
I 

l 

I 

I 

k 

t*1380730 
11382529 
11384330 
11386133 
11387937 
11389742 
11391550 
11393358 
11395169 
11396980 
11398794 
11400608 
1140242 5 
11404243 
11406062 
11407883 
11409706 
11411530 
11413356 
11415183 
11417012 
11418842 
11420674 


11424342 
11426179 
11428017 
114298 57 
11431698 
11433541 


1213217 
1214606 
1215996 
1217387 
1218778 
1220170 
1221563 
1222957 
1224351 
1225746 
1227143 
1228538 


1229936 
1231334 
1232732 
I234132 
1235532 


1236933 


1233335 
1239737 
1241141 
1242545 
1243949 


1245355 


1246761 
1248168 


1249575 


1250984 
1252393 
1253803 


Coſec. [Coverſ-\Diff| 


8814409 


* 8803394 
"18800633 


115782613 


(8753239 


Coline 
8829476 

8828110 
8826743 
8825376 
5824007 
8822638 
8821269 
8819898 
8818527 
3817155 
3815782 


8813035 
8811660 
88 10284 
8808907 
88075 30 
8806152 
8804774 


3802014 


3799251 
8797869 
8796486 
8795 102 
8793717 
5792332 
8790946 
8789589 
8788171 
8786783 
8785394 
8784004 


8781222 
3779830 
$778437 
$777043 
3775649 
$7742 54 
$772858 
3771462 
8770064 
8768666 
3767268 
876586801. 
8764468 
8763067 
876166511] 
5760263 
8758859 
8757455 
8756051 
$754645 


— 
4, 


Lond 
ws |} FS 


8751832 
8750425 
8749016 
8747607 


— 
— sl 222 


8746197 


Sine T 


Deg. 51 


Loc. Sines, Tc. x <a os) 
Colec, |Verled(.} Tang. Diff Cotang. erl. Secant [D.| Colne 


10.328757 — 97256744 — 9'7247087]10'0540v51 
* . * 1 *2 2 | . 
1034797 569253172620 2 Pate 1027371635 15442750 
9-7265331]3*H1r0-2734119]9-7240776[1010542663|7319-9457332 
97268925 A110 2737075 9*72 38671]t0*05343341 67 
[9'727 196712 1027280337236 565.5415 
(9:7275008[3_7-110-272499219-7234459]10:0544690[975[9-9455310 
: . 72780480, [10*272195219*7232 352]100 
— — — 3939 — 3 — — 576 
i 10*326259119*0729279{9*7234124 3937 10'271537619*722$136[t0'0546715 
10*32602 ;119*07 3431619*7257161 3937 1027128 39[9*72260275110'0547391 
10*32578721907 3935019*7290196 . 10'2709804[9*722 3917]t0*0548068 491 
12 eee 233 2240752428805 
13 . 6019-07 *7296263] * [10'*270373719*7219695] 1010549423), . 

o 6749194 354 — — Ha es. 30Z2 10*2700705 9*7217534]10'*055010t 678 

9 A - 235 ro- 0 7302325053 10*269767519*7215471110%05 50780 79 99449220145 
15195751549], 2501" 32484541907 5945519739232 51 201” 756. 9795.448747 
1619*675 3596], 24.,110-324610419*0764474([9*7 395354 10'269464619*72133531100551459];- 19 944354 

16 
19 
20 


96746840, 


7 
9949899046 


. . . 9 9ro:2691617]9*7211244|105055213 
96756245 10*324375519'076949019*7 39333313 Jro'269161719*7211244 | 
96753592 544 nad 9'077450219*7311410 = e hee to-055281800, 9 — - 
19-6760937], [t0:3239063[9-077951119*7314436 102635 56419*7207014110'05 53499] gg 19 9446501 
9*0700937 2344 — — 97317460 10*2682 54019*720489$]10*0554179 = 99845521140 
2 10'323437719*0738952119*7 320484 t10:2679516 9*7202781 [00554861 682 —9445ʃ139 39 
2339|"©323203719'0794521 9*7323506 — —ä— 100555543 68219 944445713 
t0-322969819:07995 18197326527 10267847 772652 8110868 P 7 
10-3227 360[9*080451r219*7 329547 10*267045319"7196426[10*05 5690 683 9" 944309213 
-[10*322502519*0309503[9*'7 332566 10'266743419'7194397]10"0557591]|gg 2 
222 10:322269119*081449119*733 58413 . 10*2664416]9*7192 — 10055 52868 99441725 
3331,0-32203589'081947619:7333601 3015 10*266139919*7190066]to'os5 5 959 
2329 o- 32180289 ˙0824458 9.247676 : — 227825 — 4685 
z28[103215699]9082943719"7344631,, 2/10'265536919:7 1855211 10:0560329| (20 9671131 
2526110 321337119:0983447 3197347644 3012 1ꝓ3652356022183698[ʃ 86107 5,2 19*943898 5/3 
5 10*321104519*08 39386197 350656 10'2649344[9*7181575}1000561701 68917 
13"#110-320872119-0844356|9"7353607 10'264633319*7179459 CIS 6 

3 - 10*3206398[9-0849322[9*7 356677 10-2643323]9*7177325]10 9262525 6 

10· 320407 719*98 542869˙7359685 — 97175199 (0005037 . 689 
10*320175719*08 5924719*7 362693 t0'2037307[9' 7073072 926525 688 
10.319940. 864240. 365699]?  _ ,[10:263430119*7170945] 8 — 689 
10319712 319*0869159[9*7 368705] [10:263129519*7168817]to0565828 6009 9434172123 
— 9087411119*7371709 — 10*262829119*71666$$ 5518,69 9943345222 
313 10· 319249609 08790599 ˙7374712 3003/10 ·262 628 9*71645 5911010567205], 9'9433792 by 
2210 319018419*0884005[9*7377714 56858 — 11113 
10· 318787449 ˙ 088894809 ˙7380715 10*261923519*71602g8|t040568 589], 11994314 

gj 2372757419 24 2999 7168166 602801,9 0720018 
. — 10-318 55669 ˙08938879˙738371 10· 26162860971 581 _— O 692 = 
e — — 8 =_ . *7156034{t00509972 9943 

1031832 8908988249 7386713 10˙26 1328771503 69317 | 

44/9'68190q6|, 3-5[10-3 1809549709037 58197389710], 99 7[10-26102g0[9-7153901[10005706650, 00 2 7 


99436925127 
9436238026 
9 9435549025 
224348612. 


— 
8 
* 
* 
oo 
Us 
— 
\S 


. 2303/0. . 2997 [to- 260722 151768ʃto- 0871387 

4552787, doiſe 375654837 3616/g-7395704/29%|10-2604498[9-714963 31100572231] 4e 
5 768279820. 31]10-3174048]9-091854119/7398696 209 $[10-260130419:714749510'0572745|g9 4199427255113 
48|9*682825 — 19*3171750[9'092 346297401689 — 10· 2598311 . 199573439695 _ = 
1 . to- . 7404681. fi- 1919*7143226119*05741 34g, off 
55 * „ — 229 — 9» 5938210 957470662ʃ.34ʃ10˙25893380˙7738951075524 697 9 97e 
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‚ — 1A 10*+3005927[9*1279649 10237977319 '6985322|t0:0626153]/ 399-9373547 
9.69382 7818 to- 3003742ʃ0 1284356 1023768 5896983 13a 0626884731 99373116 
319999925912 183 0.3002 12890629 -6980942[10-0627615} 3199372385 
9 ge (2751 10-2999378 9522937640 10'0628347]73219:9371653 
: — — 10·29971980˙12984649˙7631881 f — gs — 22 
eee L e- . , 792 10˙2 365 20809 ro*0629811 93701 
1970049512177 — Cn 1 N 2 0 — —— — 733 — es 
$19:7007155}, 176 a — 97640612 10˙235938809˙6969977f0˙0312780734˙9368722 
| one A. — 219'1 1723509˙-7643 520 1023564809 6967782 0˙06320120734½˙9367988 
1 Had: > 1173 — 732494 97646427 p -[10*2353573]9'6965586[10-0632 746 1349-93672 54 
bs 97015852 — 10˙ 298414809 ˙1 3266059764933 | 10*2 35066619*6963390 — — 99366519 
9 7018022 , .g[10'2981978[9*133128619-76522 39], 04 102347761 — — * 9.265255 
+7020190 4029798 1019133596419 7055143 10'2 34485719*6953994|100 34953 99355047 
97022337|2207110:2977643[9'1349639[97653247h* 9410-2 34195 309:6956795[100635639[730]g:93643 11 
79024323646 1373 77 9'134531119-766094 10*2339051[9*6954596]10'0636426|7 371919363574 
7 00000; . — 9*134998119-7663851], ** "110-2 336149]9*6952396[10:0637164/73%19-9362836 
917028349 — 10*297115119*135464519:7666751 — 102 333249[9*6950194|t10*0637902 738 99362095 
997031011 10˙2908989˙13593139˙7569051 10˙·2330349%˙594799 30,3864 931300 
3 215910˙29668 30 9:135397519*7672550 pay 10·2 327450[9*6945790[100639379|/ 39]9:9360621 
197233770 2159 — 9˙13686 34097675445 2398 102 32455219*6943587]10:06401 19] 742199359881 
44 2157 — . 9*137329019*76783 22 t0'232165619*694133310-06408 59} 74199359141 
2[97037486 215511 *I. — 137794409768 1240 2596 10*2 3187609 ˙6939178 100641 599} 42199358401 
[3197239041 2154 * 922? . 8259519*76841 35 2895 10· 231586 5959369730042 3407719357660 
49 7041796 2152 10˙ 2955205091352 595 2394 . | 742 — 8 5 
19-70 10:2956053]9'138724419:7687029], . [10-231297119*6934766|t0-0643082] 1199350915 
ane 2152.02 019•13918899˙76899220 93 10˙23 100789 ˙69325 590-0643823 74 993586177 
97045099 21491, — 2 —.— 329769281 2892 10˙23071869˙69 303 52]t0-0644566] 4319935543 
ry as. —— 48371377 9˙769 550589 1 10·230429509·6928 143016645309 743384891032 
4s > 2146 * 2 9:7698596 5 10'2 30140409692 5934[10*0646052 — 9935304831 
97054689 __ 10'2945311[9*1410446[9*770148 5 2388 10*229851519*092 3724100646796 — 9353204430 
” 10:2943167|9*141 5078 9 7704373],g9 10*229562719*6921513 — >. > >. 19 9352459]z 
214210 ˙ 102591419708] ˙7707261 2555 10*2292739/9*6919302j10064328 5 "+$19'9351715 2 
2141|,0-2033884(9-1424335(9-7710147|* 310248985 3(9:6917090[10-0649031 4519'9350969]27 
2149042 3674419" 142596019*7713033 2556 10'228696719*6914877110*0649777 — 9935022326 
2138] 0.2934600191433531|9*7715917* > 410-2284083/9:6912663[10:0650523/4%|9'9349477[25 
2137 —— 9*1438201]9*7718801 Rong 102281 199[9*6910449|10-0651270 243(2-9345739 
T9 . +7721684]. % [10'227831619*6908233 to0652017 99347983123 
—— — — 12870 02275436 — 6.652768 7485˙93472 35022 
137/0226089 1432843 9*7727447| 35110-2272 553/9:6903801Þro065 3514 74919'9 34648621 
131]1-2923936[9145665119-7730327| 25 "[10'2269673/9:6901 583[100654262/74%|9:93457 38/20 
4413 — 1856 — — 97733206 737226679 9689936 5 to: 065 501207599 -9 34498879 
212 — 2 2878 0226391696897 14000655762 Lo 9*9 344238118 
d 1029175509 ˙ 1470461 1 62267039 968949 2610˙06 56512 — 99343488 
BIDS — 42 519*147 5060) 10'2258162|9*6892706[10-0657263}75"19*g342737 
9˙7 2 N _ 1479655 510-22 55287|9*6890485|10006 58014175 [9-9 341986 
638822 2123 — — 10˙22 524120 9˙6888263 — —— a 
4 2121), : to- 22 8196886 o- 065951 9*9 340482 
9 10909432120 — 5. — — anbgste 753 99339729 
"She 1642904578 102477997881 5008667027 5933976 
2117! ,0-2902701 10*2240923|9*6879 368|10-0661778[7 5419-93382 22 
19 110/10·2900 58 10-2238053|91687714210-0662533}75519-9337467 
9.299475 T1 8 5 151175¹ 9223518468749 100663287 2 99336713 
.7103842113/08363 5819-15 16326 10-2232315]96872688|10-0664043 15919:9335%57 
1 1022 1 — — 1022294489 · 687 fee — 933520 
— 10·˙ 28921379 10*2226582|9*6868231|10*0665555 Y 993344045 
— 28 10'2223716|9:6866002[1000666312]75719'93336 
bo 286 10'2220851|9*6863772|1010667069]7 57199332931 
— 2863 | 066782 
109288581 86 10*22179838|9*6361 5410-066782) 
10·288 3710194154372 — 10˙ 2215125 9˙68 59 309100668 585 709 99331415] 1 
to- 28816079 ˙15 Ar 10*2212263/9*6857076|t0*0669 949330656] © 
Secant | Diff. Tang. |Verſedf. | Colec 


6 


; 7 NaTURAL SINEsS, &c 
/ | Sine. [Dift.|Coverſ.} Coſec. | Tang. Cotang.] Secant Verf. 
1493 48496 19[1*9416040[6008600[1r-6642795|1+1666334|[1428327 
4347126]1*9406646[6012 566|1*6631834]r*1668374[1429326 K 
293 84463311*9397262[6016527 1420660 1*1670416]1431325], 
249211342 141[1*9337889[6020490 1:6609945]1-1672459}1432525|, 


| hs 

_ 4839649[1*9378527[5024454[1*6599016[1-1674504[1434326 , 
: 114537158 1%9369176]6028419]|1*6582097]11167655111435827 
49"1483466711*9359835[6032386]1*6577189]1-1678599 1437329] 
p 9532176 1*935050516036354/1*6566292ſ1-+1630649[1438832 
243 o[4829686 1:9341185]604032 3]1*6555405[1-16$2701[1440336 
2489487295 1933 1876604429401 ˙6 5445291168475 51441840 . 
1051752930748 48247019322 5786604826665 3366316868 101443345 
115177782 488 4822218[1*9313290[6052240]1*6522805[1-+16888671[1444851 a 
J12[5180270 40014819730 1930401 3[6056215]1*6511963[1-169092611446357 
1305182758 48814817242 1:9294746[6060192|1:6501128[111692986[1447865|, 
14451852465 248914514754 1 · 928 5490[6064170[1+6490304[11169504811449373 
1515187733 2486 481226711*927624416068149]1*6479490[1*1697112[1450881 . 
165 190219, 86489781 r9267009}6072130[1+6468687[1*1699178]1452391 , 
17[3192705|;40214807295|1:9257784[6076112[1*6457893[1:1701245|1453901 g 
1805195191 24” 14804809] 1-92485,70 60$0095}1*0447171 111*170331411455412 
117905797676 4035 4802 324/1-9239366]6084080[1-6436338|1*1705385|1456923], 

20529016748 79983911-9239173[508806711-6425576]1*1707457[1453436|, 
2115202646 14821479735 19220990[6092054[16414824|1*170953111459949 , 
| 2215205130], io 4794870[1*9211817]6096043]1*6404082[1*1711607[1461462 a 
2315207613 . 479238 7T9½026 55,6 1000341·6393351U 1713680462977 
2415210096 ws 4789904[1'9193503[9104026[146332630[r-1715764[1464492 
2515212579 2482 478742111*9184362[6108019|1*6371919]1*1717845| 1466008 , 

8 
7 


| 2605215061 » 8. 1478493911*9175230 6112014|1*636r218|1*1719928|[1467525 
2715217543], 9, 478245711:9166110f6116011]116350528[r1172201301469042 
2805220024 7 4779976[1*915699915120008]1*6339847]1*172409911470560 a 
2915222505 2481 477749511:91478991612400711'6329177]11172618711472079 
3915224986] 78 1477501 1*9t33809[6123008]1-6318517]1*1728277[1473598 
$3115227466 So 477253 1*9129729]6132010[1-6307867|1*1730368[1475119 
32]5229945], 47314770055|1-9120659[613601311:6297227]1-1732462[1476640| i. 
3315232424 2474757875 191 116614 081·628659 7173455747817 
3415234903 2478 4765097119102 55116144024[116275977]11736653 1479684], 
(35 5237381 2478 4762619]1*9093512[614803211*6265368[1*173375211481207 
3615239859 247714. r · 908448 3061 5204111*6254768[1-1740352[1482731 a 
| 3715242336 2477 615605211-6244178|1-1742954}1484255 
3815244313 2477 6160064162 33599-17450 5801485781 
3952472904 616407762230 29 1174716301487 307 18 
4015249766 — 6168092]1'6212469]1*1749270114888 33) 5 
4115252241 2 6172108]1-6201920|1-1751379[1490361 
215254717 — 6176126[1-61913$0|1-175349011491889 
7 6180145118085 50-175 560301493418 
2474 474033 5[1-90126161]56184166]1-6170330[1-1757717[1494947 
24740475786. r*900367816185188|1-6159820]1*1759833[1496478 
247 4735383711'8994750[6192211[1*6149320[1*1761951(1498009 
* 473291 ff1·898 5832619623601 6138829 1176407001499 541 
473044211*38976924[620026 3|1-6128349]1*1766191]1501073 6 
21472 7970[1-8968026[620429111*6117878[1-1768314|1502606 
4725498[1'8959138[6208320[1-+6107417[1*1770439}1504140 1535 
2470 47230271[1*8950259[6212351]1:6096966[1*1772566}1505675 a 
2471 472055711*3894139116216383|1-+6086525[1*1774694/1507210 n 
4718086018932 532062204171 · 60760941 17768241 508746 
71561711892 3684[6224452[1*6065672[1+1778956{1510283 15 
2469471314) 1.891484 5]6228488[1*6055260[1*1781089|1511821 0 
2468 710678|1*8906016[6232527]1-6044358]1*1783225|1513359 1539 
52917992468 7082 tot 889719762 36566|1-6034465[1*1785362|1 514898 1540 
246804705742 1.8888 38806240607 1·6 0240821787501 1516438 1540 
24671479327 1-838795891[6244650[1-6013709]1*1789642|1517978 Hy 9 8482022 
7008071 · 88 7079962486941 6003345]1-1 7917841519519 54 8480481 


Coſine l Biff Verf. Secant Cotan. Tang. | Coſec, Coverſ. Diff Sine 
* Deg. 58 
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— "> = 
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8485 102 
8483 562 


"= 


RQA_Q _QVHm_Tw__Y_YCYY_Y_—_TTxyT 1 


o „edles 


— - 


"I a 8 JI 
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Deg. Loc. Sinxes, Tc. (41100 
Sine | Diff Colec. | Verſedſ.| Tang. Diff] Cotang. Coverſ.| Secant P. Coline | | 


711839307102 to-. 28816079 ˙1 5482767787737 862 8 — 90557070 100669 344 — 993306 56 60 
47120495], 1018795 5˙1552 8312799599860 —.— — 90354943 9 * 9932989759 
97122596 2099 9'1557382[9-7793459 285 — 77 + $2909 cop 70363 761 9932913758 
7124695 — to-. 287530f9˙15619310˙7796318 2359 20522030 219*6850374{[1910671624 — 2932837657 
7126292099 10:287320819'156647719'7799177],g5- 202200823 9*6348 1 39110-0672 384 — 99327616056 
147128889], 7 qo 287 111109115 71021 97802034}, go.,j 10 2197966196845902[1010673146 76236854055 
65130983 9 10·2859170-18728852 97804891 185 10˙2195109½0˙6843 51073008 p 949326092 54 
57733577 2094828569231 5801007807747 2855 10'219225319*684142811010674670]72?*[9:9325330[53 
(3-71 35169}: 297]10-2864831]g:158463719:7810602], goh10-218939819683918g] 010675433 264(7 9324557152 
10·2862740%·1589171˙7813456 2853 10218654 968369 50 W 99323804051 
2 10:2860651]9*1593702[9*7516309 235 10*213369119-6334710 to- 676960 76 9932304050 
5 10·28 58 55 39˙15982309·7819162 285 10˙21808 3319*6832469]10+0677724]/ 2993222 76]49 
10*2356476]9*160275619*782201 3 ; 10*217795719*6830227 100678489 765 99321511043 
oy 5 10*2854391]9*160723019*7524504 2849 444 970927995 10406792 54 — 9932074647 
10˙28 52 307916118009 ˙7827213 2849 A hg 7 892 oed 767 9˙9319980ʃ46 | 
2 10*285022419*1616319]9*7830562 284 — 95 23498 100680787 , 9:9319213[45 
2080192348 143]9-16208351975334100, 34g1 1002000590 ho 1006815531 6817 9355447}44Þ 
971539370780 254606 319"1925349 97836255] ,946| 22? n 0682321] 6819 9317979143] 
97158015 10˙284308 516298 5 9783910 c 10*216059619*6816761]10-0683089 » 99316911 42] 
158092 10:2841908[9*163430719 7841949 10*2158051t[9*6814514]t0-0683857 99316143|41] 
Bien — 10'2839832[9"163587319*7844794|, g,21 1021552061965 22860684626 79919-9315374/40 
47162243], 072[10:283775719:164337619:78476383]|.g , $10:215236219'6510018]ro-0685395}. 019 9314605139 
\q-7164316|, -7F[10-283568419-164787619* 7850451], g 1.110'214951919:650776gÞ10-0686165}-- 199313535135} 
19-7166387|,  [10*2833613 g9'1652374|9*7853323],g, [19214607719 6805519] r0-0686935 771 9'9313065|37þ 
97168458 [102831542[9-1656370[9*7856164] = 143836]9-6803268|10-0687706|* 99312294136 
roc 1028294740166 130378 59 TY 10'214099619*6501016110*0688478]7 199311522 
147172594]: 208110-2827406|g-1665859/g-7861844],g34119:2138156]976798764110-068g250[771979310750 
97174660. 10· 28253409 ˙1670342˙7864682 2838 — 9.079651 (00690022 772 : 
19-7176725];  ,2110*282327519*167482819*73675200 g2 110'213245019*0794257110006907951. 319 9399295132] 
197178789], 10'2821211|9*167931119*7870357 2836 10 — 9*6792002[10*0691 568 77417. 
97180851 10:2819149|9*168379119*75873193 10*212630719*6789747]10'0692 342 74 
977182912 > 1028170889 1688209787028 2835 102123972 96787491 10*0693117 775 
97184971 22 10˙28150299˙169274 578788630833 —— 137 90705234 rov6ggoorl.. 
97187030 — 10·28129709˙169 721897881696 283 n 304 N to —.— 77 
497189086], 619. 28101917 89 7883583200. 1128 70.684 1710009544327 
597191142], 2 110-280885819-170615719-7857361g2 0002012130097 71645 — 2 
9˙7193196 1028068049 1710623 97890192 10*2109808[4*6776198}r0*0696996 2 
TITS i 120530 0-28047 51195171 c08619*78y4302 10*210697719*6773937110*069777 
197195249 10*250475119*T71508019 7893523282 
57757366 405002803 709.1719547 92853863. 2829 e 7589. bug 
11947199350 049 10 · 8006 50172400 5789868 182 _ — 9 441.4. 3 . 99330 222 5 — 
97251399 480˙279 8601172846190 15% 8827,29 885 5.67648861 97008880778 — — 
19-7203447], 102796 5539˙1732914% 79043358 6015 22 519*67648 2 mee 7 090.3288. 2 13 
197208493 710-2794507 9*173736519*7907161 p 10*209253919*6762622 10*0701668 781 9929833201 
97207538 to- 2792462 9˙1 741813 LENS IO*2OYgOOT I 96760350 [00702449 81 9929755117 


t 


| 


' 


lg! , . a -203718919*6758090[10*0703230|/ 0 1979296770116 
19*7209581 2110*2790419{9*174625919 7912811½824ʃ1 7 
91211623)" 24[10:278837719:175070319:7915635|2348 10'208436519'6755823] 100704011 184/7 9295989|r5 
917213664], _* 110*2753633619*175514419*79 — a$22] 7 209154219 753555 100704793], g,19,9295297 
1197215704 028 10*273429619*175958219*7921250 10*2078720 9*6751287]10*0705576 7831? 9294424j13 
107217742 203 10*278225819*176401819*7924101 10*207 5899{9*674901 7] 10-0706359 15 99293041 12 
197219779], 371042780221 91768452 97926921], g, [19'2073079 96746747 10-0707 43] g419 92925571! . 
2917221814 35]r0+277818619*19728 5255257 231911020792 5919*07444701[1000707927] 1199292073 


19-722 3848|*234|10-27761 5219-1777 31219-7932560], gr 8þ 2074.674220 8711.991289 gf 


ks 2033 178172800 8 10· 206452209 ·67 39932010 · 09496073 0˙9½290 5040 8 
225881 10˙27741190˙178173809 793537%281 36 
5 — 10˙ 2772087 ˙17861629˙7938195 oo 10*2061805]9*6737659 — 786 99289718 


97229743 10'2770057|917905"419'79410TÞ 76 10:205398919*6735385]100711068\" 
SEED TIS OTTER 52d, g TT MEETS tp 
I e eee 90790 4p: 10*2050 36 28 38 to· 5 
11917236026 10276397419 18035 33[9"7949455[2813 bare, 545 Atl 628 713429 
997238051 . 2110'2761949]g*1505245 97952268281 4 * 281 —— 9 
445075 fe: f e:) Je. ga. 737802 LL] 94+ arent pot 
97242097 10· 27579030918 170612987892 10*204210819*6721725|r0*0715795 


"Coline [Diff] Secant | Cover. Dang. ift. Tang. Verſed. | Coſec. B. Sine 


OE I 


| 
| Deg. 58 | 
| 
| 


_— 


Natural SiNnts, Tc. 
Colec. | Tang.| Cotang.| Secant Verf. [Diff.{Coline| | 


18870799[9248694|1-6003345|1*1791784|t519519], 
1*3862019[6252739|1*5992991]1*1793928]1 521061 54 
1*8853249]62 56786[1*5982647[1*1796074]1 522603 . 
1*3844489[562608 34{155972312]1-1798222[1 524147 : 
1*883573816264384|[1*5961987|111800372[152 5691 X 
1*8826998]6268935|1*5951672|[1-1802523[1527235 544 
1*5818266[62729858|1*5941 366|1+1804676[1 528781 ou. 
1*8809545[6277042[1*5931070[1*1806831]1530327 
1*8800833[6281098|1*+5920783]1-1808958]1 53187 
1*8792131]6285155[1*5910505|1*1811146[1533421 
1878343862892 14|1-+5900238[1*1813307[153497 - 
1*$774755[0293274|1-5389979|1"1815469]t 536519] 
1*3766082[6297336|1*5879731]191817633/1 535068 es 
6301399|1*53869491|1-1819798|1539619 


187574 * 
1874876416 305464158 592611 ·18 2196661541 70 55 
1874012963095 30|1*5349041 

5 


32 Deg. 


71 dine Di 


tt. Coverſ- 
4700807 
4698341 
4695875 
4693409 
4690943 
4688479 
4686014 


4653550 
4681087 
467862 
4676161 
4573599 
4671237 
4668776 
N 
4663855 
661395 
4658935 
4556477 
8 46 54018 
4651560 
4649102 
4546645 
6 4644188 
P 4641732 
4539276 
4636821 
4634366 
44531911 
4629457 
14527004 


8472765155 
8471219154 


5326301 
125328763 
5331224 
5333685 
5336145 
5338605 
5341065 
1515343523 


8460381 
3458830 
8457278 
5455726 
115454172 

8452618 


8$451064[41 
8449508 


| 


1*1826306|1 54427 1825 
187228 59063176671 5828628 1545328 122 


1547382 


1548936 
1550492], 
1552048] 
1553605], 
1555162], 
1556721 , 
1558280 : 
1559539]; 
15614 
— + 
1564523 


1566086 


11828479 
11830654 
11832830 
11835008 
11837188 
1*5777760[1'41839370 
1*5767615]t*1841554 
1'5757479]""1843739 
15747 352]1"1545927 
1*5737234/1*184$116 
1*5727126|1*1850307 
1*5717026|1-1852500 
1*5706936 11354694 
1.56968 56\1*18 56890 


n 1552 
182413 5ʃt 542722 
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73102292297 
1729]r0:2290478 
1727|r0:2283751 
l0*228702 


$19*2837017 


9*2840990 
92844362 
92848732 
92852600 
92856466 


9˙8637795 
9˙86 33843 


98644454 


9˙8636 800, 
98639152], 
9'3641803|, 


[10135330 
33 of 1667 
10˙13639 
101360848 
10.137889 


26 
26 


10135554 


t0*2285298 
102283574 
t0*2281850 
10*2280128 
10*2278407 
10*2276686 


92860330 
92864192 
92868053 
92871911 
92875768 
9*2379622 


98647105 


9˙86577 


958649758076 
986524040 
9'8655053], 


1 2 
98660350], 


101352895 
to 1350245 
10*1347599] 
10"1 344947 
10'1343298 
101339650 


90133855 
96131372 
5612888 5 
96126397 
96123908 
96121418 
96118928 
96116436 
96113944 
956111451 
961089 56 ft 0936108 
96106461 


r0*092 778 


107093055 


100934255 


1090923707 — 
924 


10.931478 224 


2 

10˙ 0932403 2 
10.9933329ʃ326 
619 9965745145 


929 
10 181 
0935 927 


— 39525 


2109.904059 


921 
741 


29073138 


199072216 
99071293 
99070305 
95906944649 
99068 52248 
9 9067597 
949066671 


990648 19144 
99063892043 
9:9062 964142 


1042274967 
102273249 
„ /Jto'2271532 
7170-226981 5 
1715 fro- 2268 100 


171 


9'2583475 
9'2887326 
92891175 
92895022 
92898867 
92902711 


98662997 
98665644 


98668291 : 


1051337003 
10˙1334356 
101331709 


98670937, 


01329063 


98676228 


10˙ 2264673 
10*2262961 
10*2261251 
10*2259541 
I10'2257332 
10*2256124 
10*22 54417 
; 10*2252712 
— 10*2251007 
1708 10*2249303 

10*2247601 
22 10·2245899 


1708 


9*2906552 
9*2910392 


98678873 


92914229 
92918065 
92921899 
9292823ʃ 


98684160 


98686804 


98689446 


98673583], 


9*8681517 {6 


98692089 p 


101326417 
2642119 1323772| 
45 to 1321127 
10 {ov- > 
101315540 
ro*1313196 
to*t31055 
3 0 


2643 
26 


92929567 
92933390 
92937216 
92941041 
92944863 
92943684 


98697372 
98700013 
98702653 


98707933 


98694731], 


98705293 


95ꝗ610396510·093796 

9*610146g|10*0938893 
9'6098971|10*093982 3 
96096472[10"0940753 
9'6093972|100941683 
g9'6091472|[10*0942614 
g*6083971|10*0943 546 
96086468 
9608 396 5 to 0945411 
9608146 1000946344 
96078956097 
916076450|10-0948213 


to*T305209 
10'130262% 
1091299987 
101297347 
101294707] 
101292967 


10*2244199 
102242499 
102240801 
10*22 39103 
to- 2237407 
10˙ 2235711 


9˙2952503 
92956320 


9870572 
98713210 


pes 190949148 


:6071436[10-09500 
*6068927 


9 
100951020 


96061 396|10*095 3832 


19512594258 


2638 101286790 


| 


9'605888310*295477 


9*2960t 36]9*$71 5848 - 
92963949 38718486 = 
9*296776c19'$721123 
9:297157019*3723760], 


3 
638 


10*1284152 
10128151 

ro'1 278877 
101276240 


96085 

96053556 
96051341 
95948825 
96046 305 


9 
9 


93 


93 


9*g061107[40 
99 9060177139 
9199059247135 


931 
9g2 
© 19 9056454135 


I 81932 * 
0094447 93317 


35 

355 
936 
6 
9*6066417110*-0951957 937 
g'6063907| 100952394 937 


19 9240529 


19*9062036[41 


95905831737 
99057386136 


99052722 
2081782 
99050552 
9*9049916[25 
99048980[27 
9:9043043]2 
979047 106/25 
9904616802 
9 904523023 
99044291122 
9 904335101 
9904241 120 
959041470 rg 
I 


10*2234017 
10'2232324 
r0*2230631 
10*22238940 
10*22272 50 
10*2225561 


929753789˙8726396 
9297918449 ˙8729032 
929829889 ˙ 8731668 


929943899˙8739571 


10·2223872 
102222185 
102220499 
10-2218814 
102217130 
21102215447 


g:300198 1198744338 N 
9399577419 8747470], 
939095651937 50102], 
9391335519 5752734}, 
g*391714219*8755365]|, 


9:2936790]9'8734392], 
9'299959119'87 35937], 


q9*29981 8619*8742204 8 


n 
10127096 

t10*1268332 
t0*1265698 
10*1263063 
101260429 


95043791 
956041272 
96038752 
96036232 
956033710 
95031188 


100960413 
100961356 
100962299 
100963243 


ro0965132 


10*0664187 944 


99039587 
99038644 
99037701 
99036759 
99035813 
22034858 


to- 2212084 
to- a2 10404 
to- 2208725 


102205370 


102213705 


10*2207047] 


93020928 
9•3024712 
9˙3028394 
93932274 
93036052 
93032829 


53760627 
987632 
987658 
987685175 
98771144 


95757996. 


2 
$6 


10*1257796 
101255162 
101252530 
10*124939$ 
1041247266 
10*1244635 


96028665 
96026141 
96023616 
9˙60² 10 
9 6018563 
9˙60t6035 


to og66077 
100967023 
ro*0967969 
10· 0968916 


1010970812 


100969364 548 


nag, 


9 4033923 


,999301 36 
949029185 


10*1239373 
10*1236743 


10˙1231485 
101228856 


10*1242004 


101234114 


9601 3506 
956010977 
955008446 
95505914 
96003382 
96000849 


100971761 
100972711 
[10*0973661 
100974611 
100975562 
100970514 


Fats 


99028239 
99027289 
99026339 
9902 5389] 2 
99924435] 1 
9*902 3436] © 


Coſme 


a Secant 


Covert. 


Tang. 


Verſedl. 


Coſec. 


D. 


Sine 


Cotang. 


— — 


* 3 


* 


———_—_ 


— 


S |? 


; 


1:637099717714945 


1+6364828[7719589 


'6358664[7724233 
6382807 


7728878 


129618502630 14002082431 


1'2954057]1*2632975 
1*2946270[1*'2635813 
1*2938488[1*263865 3 


2084208 
208 5986 
2087765 


3870929 


1*634635517733526 
1634021007738 176 
1·63 3407007742827 
1632793717 747481 
1*6321809]7752137 
1-6315688[7756795 


1:2930713]1*2641496[2089 544], 
:*292294 31112644341 
1:2915179[1*+2647188 


2093104 


1*2907421|1*z650032]2094885 


12899669126 528902096667 


1289 192201 · 2655745098450 


2091324 


3868631 
3866334 
3864036 
3861740 


3859444 
3857148 


1*63095721}7761455 


1+6303462[7766118 


1-6297359]7770782 
162912611777 5448 


1*6285169]7780117 
1627908 37784788 


1*2884182|1*2658601]21002 33], 


128764471 ·2661460ʃE 102017 


12868718 


12860995 


12853277 
12845566 


126643221 103802 
1·2667186ꝰ 1055870 
12670052 107373 g 
12672921 2109159 


385485 
385255 


un 


229313843385 


3850264 
3847971 
3845678 


1+627 300317789460 
1-626692917794135 


1+6260861 


7798812 


1·62 5479907803492 
16248743 7808173 


12837800 
12830160 


12822465 
12814776 


1 · 2807094 


12675792 110946, 
12678665 2112734 
1*2681541]2114523 
1*2684419]2116312|. 
126872992118 102 


NaTuRrAL Sints, Te. Tab. 70 
| Sine |Ditt.,Coverſ| Colec. | Tang. | Corang. | Secant | Vert. (Ditt|Cofine | | 
398 185c[1-6616401]75 355411132 70448|1*2521357]2013645 7986355[6 
397952711*6609990]7 540102|1*+3262420|1*2524102[2015396 « 798460 
39772051 ·660358675446661·32 54397125268 50017147 7982853 
3974883]1-6597187]7549232[1*3246381|1*2529601]2018900 798110057 
3972561]1-6590795|7553799]1-3238371]1*2532353]2020653] 2217979347156 
397024011*6584409[7553369[1*3230368[1'2535108[2022406 7977594055 
396792c[1*6578030[7562941[1+3222370[1*2537865|2024161 797583915 
3965600[1*6571657|7567514[1+3214379|1*2540625[2025916 79740845 
3963281 1·6 56 5290075720901 320639301 2543387 2027071 7972 329 
8 396096211-6558929[7576668[1-3198414{1*254615112029425 7970572 
[3958644[1'6552575|7581248[1+3190441[1*2545891712031155| "= [796881515 
3956326]16546227|7585829]153182474|1*255168512032942|, 7967054 
78282 1*653958517590413 1-3174513]1*2554456 2034701 17955299 
3951692[1*6533550[7594999]1-3166559|1*255722912036460 7963545 
6 3949376[1-6527221]7599587]1*3158610[1'2560005]2035220 7961780 
394706c|1-6520898]7604177|1-31 50668[1-2562782[2039980Þ - . |-960020 
3944745]1-651458117605769[1*3142731]1'2565 56212041741 7955259 
394243<[1*650827c[7613363/1-313480111'256834512043503], 17956497 
2139401 16[1*6501966[7617959|1*3126876[1'2571129 2045265 ' 7954735 
393780211*6495668[7622557|r'3118958]1'2573916[2047025 7952972[41 
3935489]1-6489376]7627157]1-3111046[1*2576705]2048792 7951208 
3933176]1-648309c[7631759}1-3103140[1'257949712050556 7949444 
3939864|1-647681117636363}1-3095239]1'2582291]2052322 794767? 
3928553 6470537640969 13087345258 5087084887 7945913 
3926242[1+646427<[7645577[1-3079457[1*2587885]2055854 7944146 
392 3932]1*6458009]7650188}1*3071575]1*25y0686J2057621] 17942379 
392162111-64517541765480c|1:3063699]1*259348412059389 7940611 
213919311]1+6445506[7659414|1-3055828[1:2596294[2001157 7938843 
3917002 · 6439263766403 101: 304796412599 1022062926 7937074 
39146941643 30277668649 /- 3040 106012601912 2064696 7935304 
013912 386[1-6426796]767327c[1-3032254|1-2604724]2066467 7933533 
39100781-6420572[7677893|1-3024407|1-26075 392068233 7931702 
390777111-6414354176525171-3016567[1'2610356J2070010 7929990 
1-640814217687144|1-:300873311*2613175]2071782| [7928218 
1-640193617691773|1-30009c4[1*261 599712073555], ,:17926445 
1-63957 3617696404] 1:2993081|1*261882c[2075329 x + 7924671 
6389542770103 7ʃ1·2985265ʃ½·262164 [2077104 7922896 
[1-6383355[7705672|1*29774541*262447 512078879 7921121 
1*6377173]77103cg|1*2969649|1*2627 306205065 5 7919345 


12917569 


7915792 
7914014 
7912235 
7910456 


017908676 


7906896 
7905115 


317993333 


7901550 
7999767 
7897983 
7896198 


7892627 
2890841 


887285 


7887266 
7885477 
7883688 
7881898 


1624269278128 56061·289941601·2690182 2119892 7880108 
Secant-[Cotan. | Tang. | Coſec. [Coverſ. Sine 


Diff Verf. 


4 


Deg. 52 


7894413] 8 


Los. Sixes, &c. 
Vertedi.] Lang. [Ditt} Cotang. 


930395299 1o12288 56 
9304360419 101226228 


— 

— 
7 

TJ 


(323 
Coverl, | 'Secant B. Colne 
9'6000849[10*097651 3902 3486 
9:5998314110-0977466]95?[9-g022 534 


| Colec. 
10*2205 370 
10*2203694 


ine 


97794630 
97796306 


— 


— © © 00<23 | 60 + ww 2 — 9 


1 


— 
— 


97801328 
97803000 
97804671 


957800341 
97808010 
97809677 
97811344 
97813010 


22814625 


995816339 
97818002 
97819664 


22824643 


97827958 


97834575 
97830227 


97844471 


9˙784940⁰ 
97852691 
22884332 


97855972 
97857611 


97860886 
97862522 


97865791 
97869056 
97873946 


9*7575574 
97877202 


9788] 
97882077 
97883701 
97855323 
97886944 


97890184 
97891802 
928903420 


97797981 
9 72996550 


167 
1669 10*2193659 


758213240 
97322984), 


97526301 ' 
17529614), 


97831268 a 
97832922]. 


9783787801 
97839528. 
97841177], 
97842824], 


9784117 
97847762 


9785 1049 n 


97859249], 


22864 27 


978674241 


97870687 
97872317 g 


97878828 P 


97888565. 


1671 


to: 2202019 
1052200345 
19*2198672 
1052197000 
10*2195329 


953951143 


9*3062450 


9395491719 
9*305865419* 


9:394737619's 


9'$786907 


to-: 1223600 
101220973 
101218346 
101215719 


to· 12 · 3093 


95993243 
9599070 
95988168 
95985629 


9 5995779ʃ10· 09784190053 
1009729372 

to: o9 80326 95 
1009812811955 
to'0982236 955 


1667 
1667 
1666 


109*2191990 
Ic'2190323 
to- 2188656 
10˙ 2186990 
10·˙218 532 5 


93006214 
93069970 
93073736 
93077404 
73081251 
9*30$5006 


102183661 


10*2181998 
102180336 
10'2178676 
10*2177016 
102175357 


93088759 
93092510 
93096259 
9*3100007 
9*3103752 
9*3107496 


20˙2173699 
10·2172042 
10*2170386 
102168732 
10*2167078 


3 10'2165425 


93111238 
93114979 
93118717 
93122454 
93126189 
93129922 


X 10*2163773 


10*2162122 
10*2160472 
102158323 
10*2157176 


102155529 


93133654 
93137383 
93141111 
93144837 
93148561 
93182284 


95789533], 


Me 
2 


937921 
3.87947 
98797407 
9880031 


18805277 
g9*8307900 


98813144 
95515765 


98821007 


918802654); 
985105220 


28818380. 


101210467 
1091207842 
1051205218 
10˙120² 593 


101199969 


101197346 


101194723 
to- 1192100 
10˙1189478 
10˙11868 56 


10˙1184235 


10˙L181614 


| 


95983089 
95980549 
9*5978007 
95975464 
95972921 
28220376 
95967831 
95965285 
95962737 
95960189 
95957640 
895 509 


100933192 


10098414819 


to- ogs 105 
to-: 986062 
to-: og 870 
10. 0982979 


100991819 


to*09889 38 
tlo*09898g8] 
to: oo 58 


o· 99278100 
10· 99374300 


* 


98823627 
98826246 


98831484 
98834103 
98836721 


98839338. 


9:3841956 


93844572], 


98847189 
98849805 


988288660 


101178993 


10˙1· 76373 
101173754 
10˙ 1171134 
101168516 
to- 1165897 


95952539 
95949987 
95947434 
95944881 
95942326 
95939770 


o- 
10·0995669]0ꝰ 
10-0996633] 


100997597 
10*0998 562 


99021581 


313:9020628 
99019674 


99018719 
9*9016808 
99015852 
99014395 
99013938 
99012980 
99012021 
59011002 
99010102 
79009142 
99008181 


99004331 
99003367 


10· 0999528 


22072264 


9900721914 
9590062 57142 


9:9005294/41 


9 900240303 
99001438037 
19:9000472|3 


47 
46 
4 


3 


101163279 
101160662 


1101155044 


10˙1155428 
101152811 


p lo*t150195 


9*593721 
9593465 
9*5932098 
9392953 
95926978 
95924417 


101000494 
101001461 
to-: 1002428 


10˙1003396 


101004364 


101005333 


10˙2153883 
to · z 52238 
02150594 
10˙2148951 
10· 2147309 


2148668 
400— 45 


93156005 
93159724 
9˙3163441 
93167756 
93170870 
93174582 


38855035 
93857650 
98860264 


98865492 


9˙88 52420 A 


98862878 4 


I0*1147580 
10˙1144965 
101142350 
10*1139736 
10˙1137122 
10˙1 f 34508 


95921854 
95919291 
9 5916727 
95914162 
95911896 
9*5909029 


Io*ro082 


to- o: 
10·10 10188072 


101011160 


1001006303]. _ 
101007273 — 


4 


1 
85 


10*2144028 


9 10'2L42389 


10· 2140751 


10*2137478 
10*2135843 


10˙2139114 


93178292 
93182000 
93185706 
93189411 
93193114 
93196815 


10˙2134209 


10˙ 2132576 


g 10· 2130944 


10˙32129313 
10*2127683 
10*2126054 


| Cotine 


10912124426 
10*2122798 
to- 2121172 


5102119547 


10˙ 2117923 
102116299 
10˙2114677 
10-21 13056 
10*2111435 
10*2109816 
10*2108198 
10*2106580 


Secant | Covert, 


93200515 
93204213 
93207909 
93211603 
93215295 
93218986 
9*3222675 
9*3226362 
9-32 3004 
9*32 33731 
93237413 
9*3241094 
9*3244772 
953248449 
9˙3252124 
194325579” 
9:32 59469 
9•3263138 


q 


9*8868105 


9*3873330 
98875942 
98878554 


98883775 
98886386 
98888996 


98891605 


95894214 


918870718 = 


28887 165 1 


10˙1131895 
01129282 
tot 126670 
101124058 
101121446 
10'1118835 


95906461 
955903893 
95901323 
95898752 
95896181 
9589 3808 


1091013107] * 


1010140815 


10*1015056 97 


10*1016032 
10*1017008 


98895823 a 


Io*1116225 
101113614 
10*1111004 
to*Ti08395 
101105786 
101103177 


95891034 
95888460 
95885885 
95883308 
95880731 


98899432 


98909861 


98920285 


9 89 28098 


9 8902040 x 
913904647], 
98907254], 
98512468. 
98915574. 
98917679 
98922890 1 
95925494], 


1091087532 


10*1100568 
1051097960 
101095353 
1051092746 
101090139 


95378153 
95875573 
95872993 
95870412 
95867830 
95565247 
95862663 


101017985 


to- 1018962 
101019940 
1051020918 
1091021897 


1091023857 
1001024838 
101025819 
19*1026801 
101027784 
1051028767 


1001022877]: 


970 


1 1 


10*1084926 
10*1082321 
101079715 
1001077110 
1051074506 
191071902 


Cotang.|Diff. 


8 


95860078 
93857492 


10*102975$1 
10*1030735 


9 5854905 
95852318 
95849729 


95847139 


10103270 


101033692 
101034679 


10*103172c| 


98997572 
98996604 
98995636 


98993697 
98992727 


19'8991756 
9*8990784[26 


98989812 


213:8988840 24 
I0*IOI2133 2's 98987867 


98986893 
98985919 


99 59584944 


9˙898 3968 


„82992018 


98982015 
98981038 
8980060 
98979082 
38978103 
98977123 
193976143 


1198975162 
1 78974181 


98973199 
98972216 
98971233 


9 59 7049 


98999506035 
58993539 


29 
28 
2 


= 


25 


Tang. Verſedſ. 


Coſec. 


D. 


Sine 


— 


2 


Deg. 52 


—— — 


— 


—— — ——— 2 


__... NATURAL SINES, &c- 


-[Coverl.| Cotec. | Lang. Cotang. 


| Secant 


, Tab. 101 


Verl. Diff Coline | |. 
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1*6180 
1-6064 


1379410" 
185440" 


2 
Dep. 


3 


00349 
o*0698 
o0981 
0*1047 
0˙1395 
9˙1743 
01900 
0*2091 
0*2437 
0*2783 
02935 
0*3129 
0*3473 
o*3816 


1931909. 


0˙1472 
O*I 570! 
0*209J 
o*2615 
042940 
0*3136 
0*3656 
04175 
044402 
04693 
0*5209 
95724 
9•5853 
0•6237 
0*6749 
0*7258 
0*7289 
0*7765 


08269 


0*8709 
o'8771 
09271 
049767 
10107 
10261 
t. 751 
11238 
11480 


1.5973ʃ0(U 


11722 
12202 
12679 
12827 
13151 
13620 
1404 
14142 
145⁴⁴ 


1*5000 


15423 
15451 
15896 
16339 
16667 
16776 
7207 
17634 
17871 


18064 


18470 
1 · 8880 
1*9032 
19284 
19682 
2.004 
20147 


—— 


3.999 
3˙997 
3˙9952 
39945 


39903 


39848 
39807 
39781 
39702 
3˙9611 


"1 Diſt. 4 ou 


Dep. 


0*1396 
0˙1963 
9˙2093 
0*2790 
0*3486 
0*3921 
0*4181 
04875 
0*5 567 


3*9567 
3*9508 
3*9392 
3'9265 
3*9231 
3'9126 
3'8975 
3*8312 
3˙8801 
3˙8637 
38450 
3'8278 
3'8252 
3˙8042 
37821 
3*7662 
3˙7588 
3*7 343 
37087 
35955 
3˙6820 
36542 
3˙62 32 
3˙6160 
3*5932 
3*5649 
3*5318 
3*5277 
3*4985 
34641 
34309 
34287 
3*3922 
3*3547 
3*3259 
3˙3162 
3˙2766 
3˙2361 
3*2128 
3*1945 
3'1520 
3˙1086 
3*0920 


Fords 


05869 
0˙5257 
0*6940 
0*7632 
0*7804 
o'8316 
08998 
0*9677 
0*9719 


I*1025 
1*1611 
1'1695 
12361 
1*302 3 
1*3476 
1*3681 
14335 
14984 


15629 
16269 
16905 
17102 
17535 
1·8 160 
18779 
1 · 88 50 
19392 
2· 00 


20564 


20602 
21197 
21786 
22223 
2*2368 
2*2943 
23511 
23828 


24626 
25173 
2*5376 
2*5712 
2*6242 
26765 
26862 
2*7280 
27786 
23284 


o*0698] [47 


1'0353]| 


— 230 


Lat. 


Diſt. 5 


©*4901 
0*5226 
0*6093 


06959! 


0*7 337 
0˙7822 
o·8682 
0*9540 
0*9754 
1*0396 
11248 
12096 
12149 
12941 


11·3782 


14514 
14619 
15451 
16278 
16844 
17101 
17918 
18730 


19134 


19537 
20337 
21131 
21378 
21919 
22699 
23474 
23570 
24240 
2*5000 
25705 
25752 
2·6496 
27232 
27778 
27960 
28679 
29389 
29785 


30091 


30783 
3˙1466 
3˙1720 
32139 
3˙2803 
33457 


$13'3578 


3:4100 
3'4733 
3*'$355 


Lat, 


| 


— 


Dep. | Lat. 


iſt. 3 if Dilt. 10 
Dep. Lat. | b 
. 0*1 396 93985101745 
0*2094{[6*9957 02792 99939103490 
: 0*392z5 $*983010*4907 
0*3140f[6+990g 4187 9986305234 
a o·5 58 11997 5612-6976 
0*6972 996198716 
0*7841 9*9518[0*9802 
0*$362 9 9452|1*0453 
„975008 1 9˙9 25802187 
"1124 9*0027 [1*391 
11738 9391814074 
12515 987695643 
13892 9 £481[1*736; 
15265 9*S165|1*908} 
I*5607 198079 19509 
16633 2.7815 20791 
17996 97437022493 
19354 9*7030}2*$192 
19438 9*7003|2*4298 
*0706[18 9*6593/2*5882 
2*2051]j5* 9*6120|2*7 562 
2*3223||%* 95694029028 
2*3390[ [5 9*5630|2*9237 
244721115 9*5106| 3*0902|j; 
2-6045| [8 24552032557 
2695108. 9415433689 
2*7362||8 9396934202 
2·8669 8. 93358033837 
2·9969 [8 92718037401 
30615 . 9*2 388} 3*$26L 
| 3*1258||8- 92050139075 
3'2539 T1355}40674 
3'3809 9*0631|[4*2262 
34204 90399142756 
3*5070 89879 4˙3837 
3*6319 5-9101 [4*5399 
37558117 3:5295/4*6947 
3*7712 38129214*7140 
38785 8746204 $481 
4-0000|| 7: 4* 50cof}8*6603| 5.0000 
Irs 4'6269]/8-5773|5-1410 
41203 19.5717} 5*1504 
423947 84305052992 
43571 $-3867|5'4464 
4446 33147[5"5557 
44735 8*2904|5"5919 
45885 52975057358 
47023 8 09025˙8779 
47656 $-032115*9570 
48145 79864/60182 
49253 7*3801 6*r 560 
5*0346 77715 6*2932 
50751 7-7301[6"3439]| 
T1423 76604 [644279 
28 5*2485 75471 6-5606 
53535 74314/66973 
40294018674 0 53725 7.4095. 7156 
5 54560 23735068200 
55573 719340694664 
55560 Aids {Boe 
Dep. 


340 


LENGTHS or Circular ARCs. 


"4014257 
4188790 
4363323 
4537856 
4712389 
4886922 
5561455 
5238088 


83114486233 
841154660760 
851144533299 
8611*5009$32 
8715184364 
8805358897 
8905533430 
901-5707963 


5410521 


5585054 


5759587 
5934119 
6108652 
6283185 
6457718 
6632251 


91 6806784 
6981317 


7155850 


7330383 


7504916 


767949 


9115882496 
92{1*6057029 
9311*6231562 
94{1:640609 5 
95166580628 
96[1*6755161 
97116929693 
98117104226 
99117278759 

10017453202 


Arc | Arc | Arc || * 
0174533 10040 50 21118453] 1 L 
0349066 10821041 212930106 2 _ 
0523599 6311-0995574]}123]2*1467549]] 3 3 
06981320 64111170107 2*1642082]] 4 4 
*0872605]] 6<|1-134464c 2*1816615)} 5 5 
10471980 66]1r*1519173 2*1991145}} 6 6 
12217300] 671111693706 22168681 7 7 
1396263 68[1'1368239 2˙23402 14] 8 8 
1570796 69112042772 2251474719 9 
1748 320 701-2217305 2*268928-{1 10 10 
1919502 712391838 2280381311 17 
2094395 72112566371 23038 3465/2 42 
2268928 731-2749904 232128790013 13 
24434610 74291 5436 2˙3 3874124 14 
2617994 753089969 2·3561948/U75 
2792527 761-3264502 2· 373647816 
2967060 77113439035 2391101017 
31415930 781-3613568 24085543 TU18 
33161260 79ʃ1˙3788101 2:4260076{[19 
*3490659}] 801-3362634 2:44 34609i]20 
36651910 8164137107 2400914221 
3839724 82J 4311700420478 3675 


1 NH t- 


24958205 
25132741 
2530727 

25481807 
2556339 
25830872 
2:000 5495} 
2:6179935) 
2035447 {| 
2*6 529004 
20703537 
2*687807 
27052603 


* B % t» t 
19352 On Þ ws ts 


— 


7853982 
8028515 
8203047 
837750 
8552113 
8726646 


106 


101017627825 
oz 7802358 
10317976891 
18151424 
10518325957 
1 · 8 500490 
1071 ˙867 5022 
10811*3349555 
10911*9024088 
11019198621 


8901179 
9075712 
9250245 
9424778 
9599311 
977384 
9948377 
10122910 
10297443 
104719765 


111 


19373154 
11219547687 
113119722220 
11449896753 
t˖ 152386 
11620245819 
117204203 52 


82059488; 
9120769418 


2309980041 
2'$2743331[42 
2:8443866[[4.3 
2862339944 
28797932045 
2897246 50046 
29146997 
293215301145 


2*949606 31149 
2*9670596}[50 


2:98451291}51 


20943950} 180Þ3* 


Arc 


n 


- A 


— . 


— — 
Tab. 13. Couuox and Hyy. LoGARITHMS, 


1 


341 


"02302585 
"04605170 * 
106907755] * 
'092 10340] * 
115129251] * 
13515510] * 
*16118096|] * 
*18420681|] * 
207232660 
23025851 
253284365 
27631021 
299336060 
32236191 
34538776 


HYP. L. 


36841362 
39143947 


414465320 


HTP. LO. 
59867213 


62169798 


64472383 


66774968 
69027553 
71380138 
73682723 


*75985308 


78287893 


80590478 


82893064 


85198649 
874982340 
898008 19 
*92103404|| * 
*94495989]] * 
96708 574 
990111 59 


CL 


HTP. LO. 


777437845 
119734425 
t · zz; goto 
124339595 
1.26642 180 
128944766 
1531247351 
133549936 
135852521 
138158106 
140457691 
142760276 
145062861 
147365446 
149668031 
1551970617 


154273202 


CL IKT. LO. 


7674996467 
77177299052 
781179601637 
79181904222 
80184206807 
8186509392 
821188811977 
831191114562 
$4]193417147} 
85195719732 


1·56 575787 
158878372 
1561180957 
163483542 
165786127 
168088712 
74 2 

172693882 


437491171] * 
46051702 
121148354287 
506 56872. 
52959457 
552624 


10131374 
103616329 
105918915 
108221 500 
11052408 5 
112826670 

5 5756462750 15129255 


A TABLE of Rumbs, ſhewing the Degrees, Minutes] 


and Seconds, that every Point and Quarter-point of th 
Compaſs makes with the Meridian. Tab. 14 


North Its. qr. o South _ 


. 11 Pts. qr. 


11 2 48 


— — 


Nb W 8 b E AI 


„ „ +=O© © 


NNW SSE 


NWbN 


wo Www »H 


NW 


oon Own = Ow Þ »w 


* 


NW b 


O 


WbN / 


OWN HOWwey een. 


342 A LisT OF ERRORS CORRECTED 
I. In the London Edition of 1742. 
In the Logs. In the Sines. 
101213 | 3630 o 407 45" | 80938436 
14 4959 ' 7 48 | 82949277 
15 | 44 1 83879622 
16 | 4917 2 4 © | 85570536 
17 5346 13 27 30 | 9*:3668676 
37 26 20 275 diff. 
- $427 37 26 50 275 diff. 
26719 | 8202 52 32 40 162 diff. 
293150899 55 43 10 | 99171322 
34259 | 7747 bo 4 20 | 97 diff, 
— 2 „ 
I 4 39 | 99575403 
$9502 5316 70 39 59 | 9'9743838 
44 | 2178 75 53 30 52 diff. 
64445 | 1892 77 22 20 | 9'9893657 
65405 | 6110 82 0 4o | 949957646 
607 | 51 8 o 9988 
60607 | 5199 5 55 9*9988962 
> 4 $64 mos In the Tangents, | 
ah ; — 3? 217 , 87674125 
73983 1319 10 13 50 | 9*2564267 
74294 | 9537 — 56 31 
2422 39 | 9 9839523 
= l 4 — 68 19 20 10:4006638 
- 813 Ax > 3K << wn Ad hg, 
76031 77 1 4d 00375975 
77316 - 4 86 39 40 |11*2340287 
; 82958| 8583 — 3 ann 
8 20 30 [11553832 
Abſolute Numbers 89 55 10 22 
f — 9492 L. to 20 places, 916. | 96189 
xz 
9167 9157 Expl. & Uſe, pa. 15 l. 4 bot. vd, mf. 


Note, that ſome very few places are omitted where a figure does not perfectly ap- 
pear, as they are not real errors, and cannot miſlead, but may eafily be filled up by 
the differences,—lt is alſo to be obſerved that, ſome of theſe errors in both the books, 
are not in all copies of the ſame edition, as I have experienced by collating divers co- 

ies: a circumſtance probably occaſioned by types ſometimes, working out at the preſs, 
and careleſsly ſupplied again; and ſometimes by diſcovering and correcting errors af- 
ter the copies of ſome ſheets have been but partly worked off.— All the real errors in 
both books are brought together in theſe tables, both thoſe I have ſeen printed elſe- 
where, and thoſe received by private communication, beſides upwards of twenty de- 


g&ed by myſelf, in comparing the proofs of my book with the like parts of the others, 


IN CARDINER'S QUARTO TABLES, 


II. In the Avignon Edition of 1770. 


In the Sines. 


In the Logarithms, 


101213 
14 
I 

10 
17 


14151 
17740 
34259 
34728 
37696 
38119 
43284 
44781 
46309 
46559 
51193 
54681 
58987 
59502 
59889 
60844 
63064 
64149 
64347 
64445 
64881 
65405 
68128 
68761 
68859 
69339 
69519 
69533 
70076 
71021 
78700 
82547 
84393 
85328 
86486 
89680 
93614 


3630 
4059 
4488 
4917 
5346 


2871 
9536 
7747 
6798 
2953 
1415 
327 

093 

6654 
0036 
2106 
8364 
7563 
5316 
3471 
2178 
7815 
1899 


Abſolute Numbers, 


4770 | 4670 
723517135 


Skeet + laſt line, Mr, my, 


— — — 


3 


de 60 36% 22832698 
2 — 
3 45 30 121724 
2 37 2886607629 
3 11 38 | 87459722 
18 44 20 621 diff, 
45 4 50 | 9'8500947 
65 4 20 97 di 
30 98 diff. 
39 | 99575403 
67 17 39 | 99649579 
75 53 30 52 diff. 
88 52 10 | 9'999g154 
In the Tangents. 
o gf 17“ 2.4374371 
o 11 47 | 7*5349960 
o 14 23 | 76215882 
o 24 16 | 78487435 
o 37 15 | 8'0348694 
x 19 15 | 8*3628023 
1 22 57 [83826268 
3 © 7 | 87196777 
3 6 28 | 87347535 
3 19 987633926 
17 39 49 | 95029635 
23 22 © | 96355321 
35 1 42 | 98404809 
67 13 50 | 10*3770260 
73 20 50 | 10*5241600 
88 3 40 | 114685399 
Sheet S 1 79 deg. 
T4 Go - 60 
Table to 20 places, 
59 | 77085*-20 & 
— B25 | 91645*39485 
1083 | 03642.84566 
Table III. of the ſame. 
Diff. II. ib. 00127 557574 &ec. 
Logiſt. Log. [o 52 
Hyp. L. 6.75 11. 9595425 
In the laſt Page. 
line 20 0*0019633 


22 | 1*2403375 
24 | 12403375 
26 [58455077 
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